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In observation of the cosmic microwave background (CMB) polarization, “EB leakage” refers to the artifi-
cial B-mode signal coming from the leakage of E-mode signal when part of the sky is unavailable or excluded.
Correction of such leakage is one of the preconditions for detecting primordial gravitational waves via the CMB
B-mode signal. In this work, we design two independent methods for correcting the EB leakage directly in the
pixel domain using standard definitions of the E- and B-modes. The two methods give consistent results, and
both are fast and easy to implement. Tests on a CMB simulation containing zero initialB-mode show an efficient
suppression of theEB leakage. When combined with the MASTER method to reconstruct the full-skyB-mode
spectrum in simulations with a relatively simple mask, the error from EB-leakage is suppressed further by more
than one order of magnitude at the recombination bump, and up to three orders of magnitude at higher multi-
poles, compared to a “pure” MASTER scheme under the same conditions. Meanwhile, although the final power
spectrum estimation benefits from apodization, the pixel domain correction itself is done without apodization,
and thus the methods offer more freedom in choosing an apodization based on specific requirements.
Keywords: cosmic background radiation; cosmology: observations; gravitational waves
I. INTRODUCTION
The analysis of the Cosmic Microwave Background (CMB)
polarization lies in the focus of current CMB missions such
as Planck, as well as future missions [1–8]. The main sci-
entific goal is to detect primordial gravitational waves in the
B-mode of the polarized CMB signal. The contribution of
primordial gravitational waves is quantified by the tensor-to-
scalar ratio r. Currently, this parameter is constrained to
r . 0.07 [9, 10], and future missions are aiming for a sen-
sitivity of r ∼ 10−4 [5]. However, CMB missions of the near
future are all ground-based, which means that they provide
only partial sky coverage. On an incomplete sky map, the
separation of the polarized signal into E- and B-modes will
be affected by “leakage” (the so-called EB leakage), and the
resulting B map can be strongly contaminated [11, 12]. This
kind of leakage must be carefully corrected to reach the above
target.
One way to study the EB leakage due to incomplete sky
coverage is by constructing localized estimators that are asso-
ciated with the mask or window function defined on the sky
fraction in question, as was first proposed by [12], and subse-
quently used in many such studies, e.g. [13–18]. Commonly
such estimators are referred to as “pure” E/B-modes. How-
ever, note that so far it was not noticed how to perform a pixel
domain conversion from the “pure” E- and B-modes to stan-
dard E- and B-modes that are defined on the full sky. It is
important to note that only such full-sky E- and B-modes are
always orthogonal to each other.
We here introduce two methods for the correction of the
EB leakage in the pixel domain, which only use the stan-
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dard full-sky definitions of E- and B-modes [19–21]. The
first method is motivated by studying properties of the leak-
age at the mask’s boundary: in a series of works [14, 22–24],
the technical details of the EB leakage and their possible so-
lutions were thoroughly discussed, and even the idea of cor-
recting the leakage using relaxation methods was mentioned.
In our paper, we implement the relaxation method using dif-
fusive inpainting, e.g. [25, 26]. However, we also note the
limitation of the relaxation method: it only gives a particular
solution that could ignore small scale features. Improvement
of this solution requires more knowledge about the real B-
mode signal inside the region, which is unfeasible in this way.
To this effect, we introduce an alternative and novel
EB leakage correction method in the pixel domain. The E
and B signals are regarded as being composed of contribu-
tions from different regions of the sky. When part of the sky
is unavailable the leakage correction is carried out by recy-
cling the E-family component of the Q and U Stokes param-
eters [27] derived from only the available sky region. The two
methods give similar results. We show that generally the sec-
ond method performs better, and we will therefore focus our
attention on it. However, in special cases the first method can
outdo the latter as we discuss below.
We emphasize that neither of the two methods requires
prior knowledge of the underlying EE or BB power spec-
tra, which is of significant advantage. It is also important to
note that, compared to previous methods, e.g. [16–18, 28],
this work provides the first correction of the EB leakage in
the pixel domain using the standard full-sky definition of the
E- and B-modes. We shall discuss a list of benefits in the
main body of this paper.
This paper is organized as follows: in Sec. II, we introduce
the two methods and provide examples using two different
masks for illustration. Their performance is tested in Sec. III,
and a brief discussion is given in Sec. IV.
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2II. METHODS AND EXAMPLES
We here introduce two independent methods; the first is
a relaxation method, and the second provides a more elabo-
rate solution utilizing our recently introduced EB-families.
In [29], we provide mathematical proof that method 2 is the
best blind correction of the EB-leakage in the pixel-domain,
but in this work we still present the results of both methods as
a useful cross-check.
For the convenience of reading, the background and princi-
ples of the two methods will be introduced in Appendix B, and
below we present the procedures of the two methods directly.
A. Method 1: Diffusive inpainting
Method 1 is to estimate the EB-leakage by diffusive in-
painting [25, 26], in which sky pixels1 are iteratively replaced
by the average of their neighbors, except for the pixels on the
boundary. The procedure is:
1. Begin with the corruptedB map derived from a masked
sky (for calculation of the B map, see Appendix A 1).
2. Set all pixels on the sky to zero except those at the edge
of the valid region, which constitute the boundary con-
dition.
3. Perform diffusive inpainting on the valid sky as men-
tioned above using the boundary condition in step 2. On
convergence, the result is a template for the EB leak-
age.
4. Subtract the derived template from the corruptedB map
in order to arrive at the corrected B map.
B. Method 2: Recycling the E-mode
Method 2 is to estimate the EB-leakage by recycling the
E-mode signal. As mentioned above, this is the best blind
estimate of the EB-leakage in pixel domain. The procedure
is:
1. Begin with a sky map P = (Q,U) and a mask, calcu-
late P′E = (QE , UE)
′ and P′B = (QB , UB)
′ directly
from masked P.
2. Similarly, obtain P′′B = (QB , UB)
′′ from masked P′E.
3. Using the same mask, P′′B is the template for the
EB leakage in the available region. Use it to remove
the EB leakage from P′B by linear fitting.
1 For this we have used the HEALPIX package (http://healpix.
sourceforge.net) and therefore adopted their pixelization scheme.
However, the method is not tailored to function with that pixelization only.
Above we only described the method and the procedure in
terms of theE- andB-families. Note that while it is necessary
to do step 1 via the E- and B-family decomposition, starting
from step 2, one is also free to proceed in terms of the ac-
tual B-modes, and arrive at a B map as a template; both give
similar results. However, for power spectrum estimation, the
B map template gives slightly better results (about 10% lower
error). For correcting the morphology of the corrupted map
in the pixel domain, the variant with (QB , UB)′′ is slightly
better. In this work, since we will eventually compute power
spectra, all pixel domain results will be presented in the form
of B maps.
C. Examples and comparison
We now present examples of correcting the EB leakage
on simulated CMB maps with two different masks, shown in
Figs. 1 and 2. For this purpose we select a simulated CMB
map with r = 0.05 from Planck’s FFP9 suite. Both figures
show the true signals in row 1 for reference and the results of
correction in rows 2 and 3.
The belt region shown in Fig. 1 was defined to be 20◦ in
width and 2◦ in height. The two methods give similar leak-
age templates, and additionally reproduce the real leakage
term well. As a measure of similarity, we compute the cross-
correlation between the real B map and the contaminated one
to be only 20%, whereas after correction, theB map corrected
by method 1 gives 86% correlation with the real B map, and
that of method 2, 66%. While method 1 leads to better correc-
tion on larger scales, method 2 captures the small scale leak-
age better, as can be seen in the right panels of rows 2 and 3.
We then repeat this test by instead using a disk-shaped re-
gion with 20◦ radius as shown in Fig. 2. This time, the cross-
correlation between the real B map and the contaminated one
is 70%, whereas after correction, method 1 leads to 97.7%
correlation of the fixed B map with the real one, and that of
method 2 gives 97.6%, in strong agreement with one another,
as well as with the real B map. A glance at the figures makes
clear that most of the interior of the map is significantly con-
taminated, which is captured well by the templates. Given
the small fraction of the edge area in comparison to the whole
region, the cross correlations are only marginally influenced
by the edge, especially after correction. Also note that the
cross-correlations are associated with a given mask, and are
not comparable across masks.
Further tests will show that method 2 gives relatively
smaller error at the desired multipole range (as elaborated in
Sec. III C), whereas method 1 mainly involves the correction
of the large-scale features (see also the smoothness of the tem-
plate by method 1 in Fig. 1). Therefore, method 2 will be the
default method for the rest of this work. However, as was
the purpose of this section, we point out that method 1 can
perform better in the case of narrow regions, where the edge
condition becomes relatively more important.
3Real leakage term Real B map Corrupted B map
Template (method 1) Fixed B map (method 1) Residual (method 1)
Template (method 2) Fixed B map (method 2) Residual (method 2)
−0.6 0.6µK
FIG. 1: Examples of pixel domain EB leakage corrections with a r = 0.05 simulation in a belt region that is 20◦ wide and 2◦ high. Upper
panels: The real leakage term (left), the real B map (middle), and the corrupted B map (right). Middle panels: The results of method 1.
The derived template (left), the corrected B map (middle), and the residual leakage (right). Bottom panels: Same as middle panels but for
method 2.
Real leakage term Real B map Corrupted B map
Template (1) Fixed B map (1) Residual (1)
Template (2) Fixed B map (2) Residual (2)
−0.6 0.6µK
FIG. 2: Same as Fig. 1 but for a disk mask with 20◦ radius.
D. Advantages of correction in pixel domain
Concluding this section, we summarize the advantages a
correction of EB leakage in the pixel domain has over con-
ventional methods that only recover the EE and BB power
spectra.
• Both methods 1 and 2 operate only in the pixel do-
main without involving the power spectrum, i.e., they
are independent of assumptions on the B-mode angu-
lar power spectrum, and therefore should be considered
an additional contribution to existing polarized power
spectrum reconstruction methods.
• As will be shown, another important advantage of pixel
domain correction is that it is very easy to deal with
noise, because there noise and CMB are added linearly,
and our proposed correction methods are also linear.
• Since we have already corrected the EB leakage in the
pixel domain, the challenge to arrive at an estimation of
theE- orB-mode power spectrum simplifies to estimat-
ing the angular power spectrum of a scalar field given
a mask. This problem has been intensively studied by
many authors, e.g., [30–47]. This idea is implemented
in Sec. III B, which gives an excellent reconstruction re-
sult.
• As was seen, neither method 1 nor 2 requires any
apodization of the mask; they work simply with a top-
hat mask. One is thus free to choose any posterior
apodization scheme to improve the B-mode angular
power spectrum estimation. This will be presented in
Sec. III C.
III. TESTING THE LEVEL OF RESIDUAL AFTER
CORRECTION
Even with a perfect EB leakage correction, the B-mode
spectrum obtained from the cut sky is still different from the
known full-sky spectrum, due to sampling uncertainty (among
others). To focus on the effectiveness of our methods, in this
section, we perform tests that measure which uncertainties to
expect in B-mode power spectra only from the contribution
of the EB leakage or its correction. We hereto use CMB sim-
ulations from the FFP9 suite [48], which include the scalar,
tensor and non-Gaussian components, as well as a correctly
simulated lensing effect. As before, we select those with a
tensor-to-scalar ratio r = 0.05 (except for Sec. III A). For all
4the tests we will investigate a disk-shaped sky region of about
47◦ radius, covering roughly 15% of the sky. This choice was
made with reference to one of the specifications of the Green-
Pol experiment [49, 50].
First, in Sec. III A, we perform a null test on a zero-B-mode
simulation. We then move on to investigate simulations with
nonzero B-modes and compare our results to those obtained
from “purifying” the E- and B-modes in Sec. III B. Lastly,
we illustrate how to further optimize these results by different
choices of posterior apodization in Sec. III C.
A. Zero initial B-mode
Corrupted Template Residual (×10)
−0.3 0.3µK
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FIG. 3: Maps and power spectra after EB leakage correction when
the input B-mode is zero. Upper panels: The corrupted B-mode
(left), the template generated by the recycling method (middle), and
the residual leakage after correction (multiplied by 10; right). Lower
panel: Comparison of the EE pseudospectrum (black), and the
residualBB pseudospectra (both binned with ∆` = 4) derived from
either corrupted (red) or corrected (blue) B maps, using either the
mask (solid) or apodization shown in the inset (dashed).
We begin with an idealistic test, in which we select a single
simulated CMB map without noise, and manually set the input
B-mode to zero. This automatically marks any detection of a
derived B-mode signal — either before or after correction —
to be due to leakage or residual leakage. After masking, we
attempt to perform an E/B decomposition and subsequently
use the recycling method for the correction of the corrupted
B map. We compare this to a case where no correction has
been done to the corrupted maps. The final output B-mode
spectra are then calculated directly from the masked maps, in
two ways: once where the maps were apodized with a Tukey
window for which we used a taper fraction of 0.1,2 and once
where they were not. Those that were apodized were rescaled
such that the spectra are comparable. These spectra corre-
spond to pseudospectra and, as we mentioned before, are suf-
ficient for highlighting the advantages of our method, without
including sample uncertainties. As pointed out by [12], over-
sampling can help to reduce the leakage due to pixelization,
thus we use Nside = 2048 in this test, and show the results
in Fig. 3. In the upper panels it can be seen that the leakage
from E- to B-modes is removed almost completely. (We am-
plify the residuals by a factor of 10 to make them visible.) In
the bottom panel we show the angular power spectra of the
residual leakages before (red) and after (blue) correction. One
can see that those whose maps were apodized (dashed lines)
generally give better results than those which were not (solid
lines). The corrected and apodized spectrum gives the best
result, which lies up to 12 orders of magnitude below the in-
put EE spectrum. The other variants are either worse at large
scales (the corrupted BB spectra), or worse at small scales
(without posterior apodization), or both. We already here re-
fer to Sec. III C, where we show that our result can be further
improved by about two orders of magnitude by optimizing the
apodization.
B. Combination with the MASTER method
We now extend above test, in which we only considered
BB pseudospectra, to the reconstruction of fullB-mode spec-
tra. A widely used algorithm to reconstruct an unbiased full-
sky angular power spectrum from the cut sky is the MASTER
method [32]. Our pixel domain EB leakage correction can
be easily combined with the MASTER method (or any other
pseudo-C` method) in the following way.
We hereto use the Python package, PYMASTER, of the NA-
MASTER code [51, 52] as an implementation of the MASTER
method to reconstruct the full-sky BB spectrum by two ways
for comparison: one is by using NAMASTER with a built-
in purifying [17] option for the B-mode,3 whose results are
denoted (CBB` )1,i for 50 different simulations i, and will in
the following be referred to as “MASTER+PURE”; and the
second is to first correct the B-mode map by our recycling
method, and subsequently use NAMASTER in the nonpolar-
ized mode to reconstruct the full-sky BB spectrum from the
corrected B map as (CBB` )2,i. Lastly, we run MASTER on
the real B map for each simulation masked with the same
apodization to provide a reference (CBB` )0,i. This helps to
skip the sampling uncertainty and focus only on the error of
EB leakage correction. The MASTER reconstructions start
from ` = 16 and the bin size is also 16, thus the first bin is
centered at ` = 24. For each simulation we calculate the dif-
2 This roughly corresponds to an apodization length of 5◦. In Sec. III C we
study different window functions for apodization, including the one used
here.
3 http://namaster.readthedocs.io/en/latest/sample pureb.html.
5ferences between the reconstructions and the reference; sub-
sequently for each we compute the corresponding RMS and
normalized average offsets as:
∆i1,2(`) =(C
BB
` )(1,2),i − (CBB` )0,i; (1)
∆1,2(`) =
√√√√ 1
Nsim
Nsim∑
i=1
[∆i1,2(`)]
2, (2)
1,2(`) =
〈
∆i1,2(`)
〉〈
(CBB` )0,i
〉 . (3)
We plot ∆1(`) and ∆2(`) in Fig. 4, and plot 1,2(`) in Fig. 5
for comparisons. One can see from Fig. 4 that, on average,
and under all the same conditions (resolution, sky region, and
apodization), our method helps to reduce the error of recon-
struction by 2–3 orders of magnitude at higher ` with respect
to the MASTER+PURE scheme. One can also see from Fig. 4
that the MASTER+PURE method gives uncertainties in the
leakage correction at roughly the level of r ≈ 10−3 for the
first peak and r ≈ 10−2 for higher multipoles, whereas, by
an improvement of 2–3 orders of magnitude, our method en-
sures that the EB leakage is suppressed down to a level of
r ≈ 10−4–10−5 for both the first peak and higher multipoles.4
In Fig 5, the normalized average offsets 1,2(`) for MAS-
TER+PURE and MASTER+our method are compared with
each other and with the normalized RMS. One can see that, in
the conditions studied here, our method not only gives lower
RMS, but also gives lower average offsets. Meanwhile, in
both cases, the average offsets are roughly one order of mag-
nitude lower than the corresponding RMS, so they are both
statistically compatible with zero.
Note that in this section we used only Nside = 512. As
stated before, a higher Nside could help to further improve the
EB-leakage correction [12]. Also note that in Fig. 4, the ‘C1’
apodization from NAMASTER with a default 10◦ apodiza-
tion length was used, without any optimization for either our
method or the pure method. Although this choice is subopti-
mal, according to Fig. 17 of [41], optimizing the apodization
of the PURE method provides improvements of less than 1
order of magnitude, whereas, in the section below, we show
in Fig. 6 that optimizing the apodization of our method can
provide up to 2 orders of magnitude improvement. Therefore,
after optimization is taken into account, we expect our method
to be relatively even better. However, we acknowledge that in
realistic applications, there will be more complicated mask
shapes, and no final conclusion can be drawn about the opti-
mal choice of apodization yet.
4 We emphasize that this statement holds only for uncertainties arising from
EB leakage, and other issues such as sufficient foreground removal, noise,
delensing, sampling uncertainties, etc., provide additional sources of error.
C. Optimization of the posterior pixel domain apodization
We already know from Figs. 1–3 that the residual EB leak-
age after correction is most significant at the edge of the avail-
able sky region, and it therefore can be further suppressed by
applying a posterior apodization/window function, where with
posterior we mean that the apodization is applied indepen-
dently of and after the pixel domain EB leakage correction.
Generally speaking, a more aggressive apodization gives fur-
ther suppression of the residual leakage, but at the same time,
the overall signal strength is reduced. In this section we test
different window functions to show how to find a balance be-
tween higher signal and lower residual for the EB-leakage.
We use the same mask as in the two previous subsections as
well as Planck FFP9 simulations with r = 0.05.
Given a symmetric one-dimensional window function de-
fined on the unit interval, w(x), where 0 ≤ x ≤ 1, we con-
struct its corresponding two-dimensional window function on
the available region by
W (n) = w
(
d(n)
2dmax
)
,
where d(n) is the distance from the nth pixel to the edge of
the mask, and dmax is the maximum such distance over all
pixels in the available region. Such a definition ensures that
the pixel domain window function is 0 at the edge and 1 at the
points that are most distant to the edge. The types of w(x) are
chosen from the following (the abbreviations in brackets are
to be used in Fig. 6):
• Hamming (ha) and Tukey windows with taper fractions
in increments of 0.1 (tu0.1, etc.) [53]
• Bartlett window (ba) [54]
• Nuttall window (nu) [55]
• Exact Blackman window (bl) [53, 56]
Note that the Tukey window is also known as the tapered co-
sine window; the conventional cosine window, also known as
the Hann window, is recovered with a taper fraction of 1.0
(“tu1.0”).
To evaluate the aggressiveness of each window function,
we calculate
fW =
1
N
N∑
n=1
W 2(n) (4)
where N is the total number of pixels in the available region.
fW is an effective measure of the sky-fraction, normalized
such that a top-hat mask gives fW = 1. More aggressive
windows remove more power, and we have fW ∈ [0, 1].
Given a window/apodization function, the amplitude of the
residual leakage after correction is estimated by R, defined as
the RMS of the relative error, averaged over a range of multi-
poles for all simulations, as follows:
6FIG. 4: Comparison of the errors of EB leakage correction: ∆1(`) for MASTER+PURE (red), and ∆2(`) for MASTER+our method (blue),
see Eqs. (1–2) and Sec. III B for details. Several lines are added for comparison including: the input BB-spectrum of r = 0.05 (green asterisks),
the spectrum reconstructed from the real B-mode in the available region and averaged over simulations (green solid), the expected primordial
B-mode spectra for r = 10−2 ∼ 10−4 (black solid), and the lensing B-mode spectrum (black dashed). One can see that our method helps to
reduce the error of reconstruction by 2–3 orders of magnitudes under the same conditions (resolution, simulated maps, sky region, apodization,
etc.).
R =
√√√√ 1
Nsim ·∆` ·
`2∑
`=`1
Nsim∑
i=1
[
(C˜BB` )i − (C˜BB,c` )i
(C˜BB` )i
]2
,
(5)
where (C˜BB` )i and (C˜
BB,c
` )i are the pseudo powerspectra of
the apodized real and corrected B maps for the i-th simula-
tion, and ∆` = `2 − `1 + 1. The multipole range used here
is (`1, `2) = (60, 120), including the recombination bump of
the BB spectrum.
We evaluate a set of 14 standard window functions, includ-
ing 10 Tukey windows with taper fractions in increments of
0.1. For each window, we plot R vs. fW , and the results for
method 1 and method 2 are both shown in Fig. 6. It is seen that
method 2 gives smaller residual error (lowerR) than method 1
for each posterior apodization. Furthermore, we also plot the
ratio fW /R for the different window functions. This ratio is a
simple measure of the overall performance of each window.
According to this, for the mask under investigation, Tukey
windows with a taper fraction of around 0.7, as well as Nut-
tall and Blackman windows, seem to give the best EB-leakage
correction in both method 1 and 2.
IV. DISCUSSION
In this work, we presented two methods (Secs. II A–II B)
that both are capable of correcting the EB leakage in the
pixel domain. With emphasis on one of them, various tests
showed the effectiveness of these corrections, e.g., the resid-
ual error is 2–3 orders of magnitude lower than an imple-
mentation of a conventional method (the MASTER+PURE
scheme). These results are obtained using simple rectangu-
lar and circular masks, and they illustrate the potential im-
provements possible with this new method. The idea of pixel
domain EB leakage correction is based on the idea of EB-
family decomposition previously proposed in [27, 57], which
herewith is proved to be an extremely useful framework for
the study of polarization maps.
The advantages of a correction in pixel space are many. In
Sec. III B our EB leakage correction method was combined
with MASTER, a pseudo-Cl method for the reconstruction
of a full-sky power spectrum. We demonstrated that the re-
7FIG. 5: Comparison of the normalized average offsets 1,2(`) (see
Eq. (3)). Red for MASTER+PURE and blue for MASTER+our
method. The amplitudes of the normalized RMS are also shown in
dash lines. In both cases, they are roughly one order of magnitude
higher than the average offsets. The simulations are the same ones
in Fig. 4. Note that this is a logarithmic plot, so we use asterisks and
squares to mark positive negative values respectively.
sults obtained are orders of magnitude better than without ex-
plicit leakage correction. Our method provides the possibility
to be combined with any pseudo-Cl or maximum likelihood
method to improve their ability for B-mode power spectrum
reconstruction.
In addition, as shown in Sec. III C, it is possible to further
reduce the error of power spectrum reconstruction by optimiz-
ing the posterior apodization applied to the corrected B map,
see Fig. 6. We there explained how to use the large library
of one-dimensional window functions from digital signal pro-
cessing in CMB science, which provides an easy way to ex-
plore variations two dimensional window functions.
Note that although the rectangular and circular masks stud-
ied here are appropriate for characterizing the general features
of the method, they are simpler than those encountered in
practice. More complicated shapes will result in higher leak-
age and residuals. Therefore, in the future the residuals and
the bias of the method should be evaluated using simulations
with realistic masks particular to a certain experiment, in order
to fully understand the method’s performance on the applica-
tion in question.
The EB leakage is driven more by large scale structures
than by small scale structures, since small scale structures are
locally more confined, and therefore do not propagate as far.
Hence, a satisfactory correction of EB leakage only requires
theE-mode to be much larger than theB-mode at large scales,
which is always true for the CMB — also if noise is added,
given that the noise is subdominant compared with the E-
mode signal at large scales, which will be the case for up-
coming CMB missions.
The methods also enable an easy treatment of noise in
power spectrum reconstructions, because in the pixel domain
noise and CMB simply are added linearly to make up the total
signal, and our correction methods are also linear. Therefore,
the B-mode residual ∆B after correction is simply
∆B = ∆BCMB + ∆Bnoise. (6)
In general, further removal of the noise in the pixel domain is
impossible; however, if one assumes that the noise is Gaus-
sian and uncorrelated with the CMB, then the two residual
terms in Eq. (6) are independent, which means their cross co-
variance does not contribute to the overall covariance matrix.
With this assumption, one can easily remove the noise contri-
bution to the angular spectra using one of the standard meth-
ods, by using, e.g., cross spectra [58], noise spectrum mod-
els [59], null maps obtained from two half-mission maps [60],
or null maps obtained from two subbands [61]. Examples of
EB-leakage correction in the presence of noise can be found
in Appendix E.
To our knowledge, these two methods are the first attempt to
provide solutions to the EB leakage in the pixel domain with
negligible computational time cost. The five main obstacles in
the detection of CMB B-modes are foreground removal, de-
lensing, noise, systematics, and the EB leakage. The present
method to overcome the last also enables the more reliable
investigation of B-mode morphology in a local sky region,
opening up possibilities to have a closer look at the remaining
obstacles.
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Appendix A: TWO FORMS OF E/B DECOMPOSITION
1. The E and B maps
Here we briefly review the definition of E(n) and B(n)
maps. The Stokes parameters Q and U can be decomposed
into spin ±2 spherical harmonics [19, 21] as follows:
Q(n)± iU(n) =
∑
l,m
a±2,`m ±2Y`m(n), (A1)
where ±2Y`m(n) are the spin±2 spherical harmonics, and the
coefficients a±2,`m are given by
a±2,`m =
∫
(Q(n)± iU(n)) ±2Y ∗`m(n) dn. (A2)
80.0 0.2 0.4 0.6 0.8 1.0
fW
10−4
10−3
10−2
R
tu0.1
tu0.2tu0.3tu0.4
tu0.5
tu0.6
tu0.7
tu0.8
tu0.9
tu1.0
ha
ba
nu
bl
Method 1
0.2 0.4 0.6 0.8 1.0
Tukey taper fraction
0
1000
2000
3000
4000
f W
/
R
ha
ba
nu
bl
tu
0.0 0.2 0.4 0.6 0.8 1.0
fW
10−4
10−3
10−2
R
tu0.1
tu0.2tu0.3tu0.4
tu0.5
tu0.6
tu0.7
tu0.8
tu0.9
tu1.0
ha
ba
nu
bl
Method 2
0.2 0.4 0.6 0.8 1.0
Tukey taper fraction
0
1000
2000
3000
4000
f W
/
R
FIG. 6: Upper panels: comparison of different window functions in terms of fW (Eq. 4) and R (Eq. 5). The labels are defined in Sec. III C.
Bigger fW is preferred because it keeps more signal power (retaining more information), while smaller R is preferred because it means lower
residual error of correction; note that the recycling method gives roughly 50% lower error than method 1. Lower panels: ratio fW /R as a
function of the taper fraction of Tukey windows, where higher values mean better overall performance.
The E- and B-modes in harmonic space are then formed by
aE,`m = −(a2,`m + a−2,`m)/2,
aB,`m = i(a2,`m − a−2,`m)/2, (A3)
and the pixel domain representations of the E- and B-modes
are
E(n) =
∑
aE,`m Y`m(n),
B(n) =
∑
aB,`m Y`m(n).
(A4)
2. The E- and B-families
In our work, the E- and B-families refer to those parts of
the Stokes parameters, (QE , UE) and (QB , UB), that con-
tain only E- or B-modes respectively, and satisfy (Q,U) ≡
(QE , UE) + (QB , UB). They are defined as follows:5(
QE
UE
)
(n) =
∫ (
G1 +G2
+G3 G4
)
(n,n′)
(
Q
U
)
(n′) dn′(
QB
UB
)
(n) =
∫ (
G4 −G3
−G2 G1
)
(n,n′)
(
Q
U
)
(n′) dn′,
(A5)
where the G1−4 functions are defined as:
G1(n,n
′) =
∑
l,m
F+,`m(n)F
∗
+,`m(n
′),
G2(n,n
′) =
∑
l,m
F+,`m(n)F
∗
−,`m(n
′),
G3(n,n
′) =
∑
l,m
F−,`m(n)F ∗+,`m(n
′),
G4(n,n
′) =
∑
l,m
F−,`m(n)F ∗−,`m(n
′),
(A6)
5 Note that in an early version of [27], there were misprints in some signs.
The equations here have been corrected.
9and the F+,− functions are defined in terms of the spin-2
spherical harmonics as:
F+,`m(n) = −1
2
[2Y`m(n) + −2Y`m(n)] ,
F−,`m(n) = − 1
2i
[2Y`m(n)− −2Y`m(n)] .
(A7)
Note that Gi are real and G2 = G3.
The E- and B-families can also be conveniently calculated
by setting aBlm or a
E
lm to zero, and running a standard inverse
transform using HEALPIX. For more details of these two
families, see [27, 57], also discussed in [64].
Appendix B: DETAILED INTRODUCTION OF METHODS 1
AND 2
1. Method 1: Diffusive inpainting
In [22], it was shown that the ambiguous mode ψ which
represents the mixing between the localized E and B estima-
tors satisfies the spherical bi-Laplacian equation
∇2(∇2 + 2)ψ = 0, (B1)
subject to homogeneous Neumann and Dirichlet boundary
conditions at the edge of the known region. Assuming that
the power in theE-mode dominates the power in theB-mode,
the purified B-mode, calculated by removing the ambiguous
mode ψ from the corrupted B-mode, is a good approximation
to the true B-mode.
We here simplify the approach by replacing the bi-
Laplacian equation by the Laplacian equation and neglecting
the Neumann boundary conditions.6 In this case, a simple nu-
merical solution is the relaxation method. It is important to
note that it is possible to work also with standard full-sky def-
initions of the E- and B-mode, which is more convenient.
It was shown by [28] that the EB leakage is most signif-
icant at the edge of the mask, which naturally provides a re-
liable boundary condition. Therefore, it is tempting to solve
the EB leakage by relaxation methods using a boundary con-
straint. This is implemented by diffusive inpainting [25, 26],
in which sky pixels7 are iteratively replaced by the average of
their neighbors, except for the pixels on the boundary. This
results in a zero Laplacian solution that is subject to the given
boundary condition.
Therefore, method 1 runs as introduced in section II A.
6 The solutions of the simplified Laplacian problem retain the basic large-
scale structure of the bi-Laplacian solutions, however, small-scale struc-
tures can be neglected.
7 For this we have used the HEALPIX package (http://healpix.
sourceforge.net) and therefore adopted their pixelization scheme.
However, the method is not tailored to function with that pixelization only.
2. Method 2: Recycling the E-mode
While the method introduced above provides a means to
roughly remove smoothly distributed leakage, we here suggest
a second method which also accounts for smaller scale struc-
ture well inside the unmasked region. Since in this method,
the corrupted component will be reused for correction, it will
be referred to as the “recycling method”.
Before describing the method we introduce our notation.
As discussed in [27, 57] and briefly reviewed in Appendix A 2,
the polarized sky signal can be decomposed into the E- and
B-families as:
(Q,U) = (QE , UE) + (QB , UB), (B2)
where (QE , UE) stems only from theE-mode, and (QB , UB)
only from the B-mode. This decomposition forms the basis
of the recycling method.
Consider a sky map, divided into two regions as shown by
Fig. 7. Its polarization signal can be decomposed according to
Eq. (B2). Conventionally the polarization vector is introduced
as P = (Q,U), such that (QE , UE) and (QB , UB) can be de-
noted asPE andPB . In the following we wish to describePE
and PB in region 1 and 2 separately, which suggests the obvi-
ous notation PE1,2 and PB1,2 . However, for visual simplicity
we shorten the notation as follows:
E1 ≡ PE1 ≡ (QE , UE)1; B1 ≡ PB1 ≡ (QB , UB)1;
E2 ≡ PE2 ≡ (QE , UE)2; B2 ≡ PB2 ≡ (QB , UB)2.
(B3)
Each Stokes component ofEi andBi should be regarded as a
full-sky map whose values at pixels outside region i are zero.
Therefore, the sumE1+B1+E2+B2 again forms the input
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<latexit sha1_base64="4Ac8bQvsQBEXNFlRMtsjfJY6Vnc=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdSEMFlBfuAdhgymbQNzSRDkimUoX/ixoUibv0Td/6NmXYWWj0QcjjnXnJyopQzbTzvy6msrW9sblW3azu7e/sH7uFRR8tMEdomkkvVi7CmnAnaNsxw2ksVxUnEaTea3BZ+d0qVZlI8mllKgwSPBBsygo2VQtcdRJLHepbYK7+bh37o1r2GtwD6S/yS1KFEK3Q/B7EkWUKFIRxr3fe91AQ5VoYRTue1QaZpiskEj2jfUoETqoN8kXyOzqwSo6FU9giDFurPjRwnughnJxNsxnrVK8T/vH5mhtdBzkSaGSrI8qFhxpGRqKgBxUxRYvjMEkwUs1kRGWOFibFl1WwJ/uqX/5LORcO3/OGy3rwp66jCCZzCOfhwBU24hxa0gcAUnuAFXp3ceXbenPflaMUpd47hF5yPb6y7k6c=</latexit><latexit sha1_base64="4Ac8bQvsQBEXNFlRMtsjfJY6Vnc=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdSEMFlBfuAdhgymbQNzSRDkimUoX/ixoUibv0Td/6NmXYWWj0QcjjnXnJyopQzbTzvy6msrW9sblW3azu7e/sH7uFRR8tMEdomkkvVi7CmnAnaNsxw2ksVxUnEaTea3BZ+d0qVZlI8mllKgwSPBBsygo2VQtcdRJLHepbYK7+bh37o1r2GtwD6S/yS1KFEK3Q/B7EkWUKFIRxr3fe91AQ5VoYRTue1QaZpiskEj2jfUoETqoN8kXyOzqwSo6FU9giDFurPjRwnughnJxNsxnrVK8T/vH5mhtdBzkSaGSrI8qFhxpGRqKgBxUxRYvjMEkwUs1kRGWOFibFl1WwJ/uqX/5LORcO3/OGy3rwp66jCCZzCOfhwBU24hxa0gcAUnuAFXp3ceXbenPflaMUpd47hF5yPb6y7k6c=</latexit><latexit sha1_base64="4Ac8bQvsQBEXNFlRMtsjfJY6Vnc=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdSEMFlBfuAdhgymbQNzSRDkimUoX/ixoUibv0Td/6NmXYWWj0QcjjnXnJyopQzbTzvy6msrW9sblW3azu7e/sH7uFRR8tMEdomkkvVi7CmnAnaNsxw2ksVxUnEaTea3BZ+d0qVZlI8mllKgwSPBBsygo2VQtcdRJLHepbYK7+bh37o1r2GtwD6S/yS1KFEK3Q/B7EkWUKFIRxr3fe91AQ5VoYRTue1QaZpiskEj2jfUoETqoN8kXyOzqwSo6FU9giDFurPjRwnughnJxNsxnrVK8T/vH5mhtdBzkSaGSrI8qFhxpGRqKgBxUxRYvjMEkwUs1kRGWOFibFl1WwJ/uqX/5LORcO3/OGy3rwp66jCCZzCOfhwBU24hxa0gcAUnuAFXp3ceXbenPflaMUpd47hF5yPb6y7k6c=</latexit><latexit sha1_base64="4Ac8bQvsQBEXNFlRMtsjfJY6Vnc=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdSEMFlBfuAdhgymbQNzSRDkimUoX/ixoUibv0Td/6NmXYWWj0QcjjnXnJyopQzbTzvy6msrW9sblW3azu7e/sH7uFRR8tMEdomkkvVi7CmnAnaNsxw2ksVxUnEaTea3BZ+d0qVZlI8mllKgwSPBBsygo2VQtcdRJLHepbYK7+bh37o1r2GtwD6S/yS1KFEK3Q/B7EkWUKFIRxr3fe91AQ5VoYRTue1QaZpiskEj2jfUoETqoN8kXyOzqwSo6FU9giDFurPjRwnughnJxNsxnrVK8T/vH5mhtdBzkSaGSrI8qFhxpGRqKgBxUxRYvjMEkwUs1kRGWOFibFl1WwJ/uqX/5LORcO3/OGy3rwp66jCCZzCOfhwBU24hxa0gcAUnuAFXp3ceXbenPflaMUpd47hF5yPb6y7k6c=</latexit>
E2
<latexit sha1_base64="gLEZ8qYovFDYTivImR/3ln9AXkQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRF0JUURHBZwT6gDWEymbRDJ5MwMymU0D9x40IRt/6JO//GSZuFth4Y5nDOvcyZE6ScKe0431ZlY3Nre6e6W9vbPzg8so9PuirJJKEdkvBE9gOsKGeCdjTTnPZTSXEccNoLJneF35tSqVginvQspV6MR4JFjGBtJN+2h0HCQzWLzZXfz/2mb9edhrMAWiduSepQou3bX8MwIVlMhSYcKzVwnVR7OZaaEU7ntWGmaIrJBI/owFCBY6q8fJF8ji6MEqIokeYIjRbq740cx6oIZyZjrMdq1SvE/7xBpqMbL2cizTQVZPlQlHGkE1TUgEImKdF8ZggmkpmsiIyxxESbsmqmBHf1y+uk22y4hj9e1Vu3ZR1VOINzuAQXrqEFD9CGDhCYwjO8wpuVWy/Wu/WxHK1Y5c4p/IH1+QOuP5Oo</latexit><latexit sha1_base64="gLEZ8qYovFDYTivImR/3ln9AXkQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRF0JUURHBZwT6gDWEymbRDJ5MwMymU0D9x40IRt/6JO//GSZuFth4Y5nDOvcyZE6ScKe0431ZlY3Nre6e6W9vbPzg8so9PuirJJKEdkvBE9gOsKGeCdjTTnPZTSXEccNoLJneF35tSqVginvQspV6MR4JFjGBtJN+2h0HCQzWLzZXfz/2mb9edhrMAWiduSepQou3bX8MwIVlMhSYcKzVwnVR7OZaaEU7ntWGmaIrJBI/owFCBY6q8fJF8ji6MEqIokeYIjRbq740cx6oIZyZjrMdq1SvE/7xBpqMbL2cizTQVZPlQlHGkE1TUgEImKdF8ZggmkpmsiIyxxESbsmqmBHf1y+uk22y4hj9e1Vu3ZR1VOINzuAQXrqEFD9CGDhCYwjO8wpuVWy/Wu/WxHK1Y5c4p/IH1+QOuP5Oo</latexit><latexit sha1_base64="gLEZ8qYovFDYTivImR/3ln9AXkQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRF0JUURHBZwT6gDWEymbRDJ5MwMymU0D9x40IRt/6JO//GSZuFth4Y5nDOvcyZE6ScKe0431ZlY3Nre6e6W9vbPzg8so9PuirJJKEdkvBE9gOsKGeCdjTTnPZTSXEccNoLJneF35tSqVginvQspV6MR4JFjGBtJN+2h0HCQzWLzZXfz/2mb9edhrMAWiduSepQou3bX8MwIVlMhSYcKzVwnVR7OZaaEU7ntWGmaIrJBI/owFCBY6q8fJF8ji6MEqIokeYIjRbq740cx6oIZyZjrMdq1SvE/7xBpqMbL2cizTQVZPlQlHGkE1TUgEImKdF8ZggmkpmsiIyxxESbsmqmBHf1y+uk22y4hj9e1Vu3ZR1VOINzuAQXrqEFD9CGDhCYwjO8wpuVWy/Wu/WxHK1Y5c4p/IH1+QOuP5Oo</latexit><latexit sha1_base64="gLEZ8qYovFDYTivImR/3ln9AXkQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRF0JUURHBZwT6gDWEymbRDJ5MwMymU0D9x40IRt/6JO//GSZuFth4Y5nDOvcyZE6ScKe0431ZlY3Nre6e6W9vbPzg8so9PuirJJKEdkvBE9gOsKGeCdjTTnPZTSXEccNoLJneF35tSqVginvQspV6MR4JFjGBtJN+2h0HCQzWLzZXfz/2mb9edhrMAWiduSepQou3bX8MwIVlMhSYcKzVwnVR7OZaaEU7ntWGmaIrJBI/owFCBY6q8fJF8ji6MEqIokeYIjRbq740cx6oIZyZjrMdq1SvE/7xBpqMbL2cizTQVZPlQlHGkE1TUgEImKdF8ZggmkpmsiIyxxESbsmqmBHf1y+uk22y4hj9e1Vu3ZR1VOINzuAQXrqEFD9CGDhCYwjO8wpuVWy/Wu/WxHK1Y5c4p/IH1+QOuP5Oo</latexit>
B2
<latexit sha1_base64="2+OrxJ2EgiB1aQAoVELFRKpmWQo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRF0JUU3bisYB/QhjCZTNqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw8MczjnXubMCVLOlHacb6uysbm1vVPdre3tHxwe2ccnXZVkktAOSXgi+wFWlDNBO5ppTvuppDgOOO0Fk/vC702pVCwRT3qWUi/GI8EiRrA2km/bwyDhoZrF5srv5n7Tt+tOw1kArRO3JHUo0fbtr2GYkCymQhOOlRq4Tqq9HEvNCKfz2jBTNMVkgkd0YKjAMVVevkg+RxdGCVGUSHOERgv190aOY1WEM5Mx1mO16hXif94g09GNlzORZpoKsnwoyjjSCSpqQCGTlGg+MwQTyUxWRMZYYqJNWTVTgrv65XXSbTZcwx+v6q3bso4qnME5XIIL19CCB2hDBwhM4Rle4c3KrRfr3fpYjlascucU/sD6/AGpqpOl</latexit><latexit sha1_base64="2+OrxJ2EgiB1aQAoVELFRKpmWQo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRF0JUU3bisYB/QhjCZTNqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw8MczjnXubMCVLOlHacb6uysbm1vVPdre3tHxwe2ccnXZVkktAOSXgi+wFWlDNBO5ppTvuppDgOOO0Fk/vC702pVCwRT3qWUi/GI8EiRrA2km/bwyDhoZrF5srv5n7Tt+tOw1kArRO3JHUo0fbtr2GYkCymQhOOlRq4Tqq9HEvNCKfz2jBTNMVkgkd0YKjAMVVevkg+RxdGCVGUSHOERgv190aOY1WEM5Mx1mO16hXif94g09GNlzORZpoKsnwoyjjSCSpqQCGTlGg+MwQTyUxWRMZYYqJNWTVTgrv65XXSbTZcwx+v6q3bso4qnME5XIIL19CCB2hDBwhM4Rle4c3KrRfr3fpYjlascucU/sD6/AGpqpOl</latexit><latexit sha1_base64="2+OrxJ2EgiB1aQAoVELFRKpmWQo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRF0JUU3bisYB/QhjCZTNqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw8MczjnXubMCVLOlHacb6uysbm1vVPdre3tHxwe2ccnXZVkktAOSXgi+wFWlDNBO5ppTvuppDgOOO0Fk/vC702pVCwRT3qWUi/GI8EiRrA2km/bwyDhoZrF5srv5n7Tt+tOw1kArRO3JHUo0fbtr2GYkCymQhOOlRq4Tqq9HEvNCKfz2jBTNMVkgkd0YKjAMVVevkg+RxdGCVGUSHOERgv190aOY1WEM5Mx1mO16hXif94g09GNlzORZpoKsnwoyjjSCSpqQCGTlGg+MwQTyUxWRMZYYqJNWTVTgrv65XXSbTZcwx+v6q3bso4qnME5XIIL19CCB2hDBwhM4Rle4c3KrRfr3fpYjlascucU/sD6/AGpqpOl</latexit><latexit sha1_base64="2+OrxJ2EgiB1aQAoVELFRKpmWQo=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRF0JUU3bisYB/QhjCZTNqhk0mYmRRK6J+4caGIW//EnX/jpM1CWw8MczjnXubMCVLOlHacb6uysbm1vVPdre3tHxwe2ccnXZVkktAOSXgi+wFWlDNBO5ppTvuppDgOOO0Fk/vC702pVCwRT3qWUi/GI8EiRrA2km/bwyDhoZrF5srv5n7Tt+tOw1kArRO3JHUo0fbtr2GYkCymQhOOlRq4Tqq9HEvNCKfz2jBTNMVkgkd0YKjAMVVevkg+RxdGCVGUSHOERgv190aOY1WEM5Mx1mO16hXif94g09GNlzORZpoKsnwoyjjSCSpqQCGTlGg+MwQTyUxWRMZYYqJNWTVTgrv65XXSbTZcwx+v6q3bso4qnME5XIIL19CCB2hDBwhM4Rle4c3KrRfr3fpYjlascucU/sD6/AGpqpOl</latexit>
B1
<latexit sha1_base64="k5L7ikRowGoPPnxlBpeBBmtpb0o=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdSdOOygn1AOwyZTNqGZpIhyRTK0D9x40IRt/6JO//GTDsLrR4IOZxzLzk5UcqZNp735VTW1jc2t6rbtZ3dvf0D9/Coo2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gq/O6VKMykezSylQYJHgg0ZwcZKoesOIsljPUvsld/OQz90617DWwD9JX5J6lCiFbqfg1iSLKHCEI617vteaoIcK8MIp/PaINM0xWSCR7RvqcAJ1UG+SD5HZ1aJ0VAqe4RBC/XnRo4TXYSzkwk2Y73qFeJ/Xj8zw+sgZyLNDBVk+dAw48hIVNSAYqYoMXxmCSaK2ayIjLHCxNiyarYEf/XLf0nnouFb/nBZb96UdVThBE7hHHy4gibcQwvaQGAKT/ACr07uPDtvzvtytOKUO8fwC87HN6gmk6Q=</latexit><latexit sha1_base64="k5L7ikRowGoPPnxlBpeBBmtpb0o=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdSdOOygn1AOwyZTNqGZpIhyRTK0D9x40IRt/6JO//GTDsLrR4IOZxzLzk5UcqZNp735VTW1jc2t6rbtZ3dvf0D9/Coo2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gq/O6VKMykezSylQYJHgg0ZwcZKoesOIsljPUvsld/OQz90617DWwD9JX5J6lCiFbqfg1iSLKHCEI617vteaoIcK8MIp/PaINM0xWSCR7RvqcAJ1UG+SD5HZ1aJ0VAqe4RBC/XnRo4TXYSzkwk2Y73qFeJ/Xj8zw+sgZyLNDBVk+dAw48hIVNSAYqYoMXxmCSaK2ayIjLHCxNiyarYEf/XLf0nnouFb/nBZb96UdVThBE7hHHy4gibcQwvaQGAKT/ACr07uPDtvzvtytOKUO8fwC87HN6gmk6Q=</latexit><latexit sha1_base64="k5L7ikRowGoPPnxlBpeBBmtpb0o=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdSdOOygn1AOwyZTNqGZpIhyRTK0D9x40IRt/6JO//GTDsLrR4IOZxzLzk5UcqZNp735VTW1jc2t6rbtZ3dvf0D9/Coo2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gq/O6VKMykezSylQYJHgg0ZwcZKoesOIsljPUvsld/OQz90617DWwD9JX5J6lCiFbqfg1iSLKHCEI617vteaoIcK8MIp/PaINM0xWSCR7RvqcAJ1UG+SD5HZ1aJ0VAqe4RBC/XnRo4TXYSzkwk2Y73qFeJ/Xj8zw+sgZyLNDBVk+dAw48hIVNSAYqYoMXxmCSaK2ayIjLHCxNiyarYEf/XLf0nnouFb/nBZb96UdVThBE7hHHy4gibcQwvaQGAKT/ACr07uPDtvzvtytOKUO8fwC87HN6gmk6Q=</latexit><latexit sha1_base64="k5L7ikRowGoPPnxlBpeBBmtpb0o=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdSdOOygn1AOwyZTNqGZpIhyRTK0D9x40IRt/6JO//GTDsLrR4IOZxzLzk5UcqZNp735VTW1jc2t6rbtZ3dvf0D9/Coo2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gq/O6VKMykezSylQYJHgg0ZwcZKoesOIsljPUvsld/OQz90617DWwD9JX5J6lCiFbqfg1iSLKHCEI617vteaoIcK8MIp/PaINM0xWSCR7RvqcAJ1UG+SD5HZ1aJ0VAqe4RBC/XnRo4TXYSzkwk2Y73qFeJ/Xj8zw+sgZyLNDBVk+dAw48hIVNSAYqYoMXxmCSaK2ayIjLHCxNiyarYEf/XLf0nnouFb/nBZb96UdVThBE7hHHy4gibcQwvaQGAKT/ACr07uPDtvzvtytOKUO8fwC87HN6gmk6Q=</latexit>
e1
<latexit sha1_base64="G49Hv5u2Ea/qd9RoGoQlsY+5ako=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWZE0JUU3LisYB/QDkMmc6cNzSRDkimUoX/ixoUibv0Td/6NaTsLbT0QcjjnXnJyoowzbTzv26lsbG5t71R3a3v7B4dH7vFJR8tcUWhTyaXqRUQDZwLahhkOvUwBSSMO3Wh8P/e7E1CaSfFkphkEKRkKljBKjJVC1x1Eksd6mtqrgFnoh27da3gL4HXil6SOSrRC92sQS5qnIAzlROu+72UmKIgyjHKY1Qa5hozQMRlC31JBUtBBsUg+wxdWiXEilT3C4IX6e6MgqZ6Hs5MpMSO96s3F/7x+bpLboGAiyw0IunwoyTk2Es9rwDFTQA2fWkKoYjYrpiOiCDW2rJotwV/98jrpXDV8yx+v6827so4qOkPn6BL56AY10QNqoTaiaIKe0St6cwrnxXl3PpajFafcOUV/4Hz+AN2bk8c=</latexit><latexit sha1_base64="G49Hv5u2Ea/qd9RoGoQlsY+5ako=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWZE0JUU3LisYB/QDkMmc6cNzSRDkimUoX/ixoUibv0Td/6NaTsLbT0QcjjnXnJyoowzbTzv26lsbG5t71R3a3v7B4dH7vFJR8tcUWhTyaXqRUQDZwLahhkOvUwBSSMO3Wh8P/e7E1CaSfFkphkEKRkKljBKjJVC1x1Eksd6mtqrgFnoh27da3gL4HXil6SOSrRC92sQS5qnIAzlROu+72UmKIgyjHKY1Qa5hozQMRlC31JBUtBBsUg+wxdWiXEilT3C4IX6e6MgqZ6Hs5MpMSO96s3F/7x+bpLboGAiyw0IunwoyTk2Es9rwDFTQA2fWkKoYjYrpiOiCDW2rJotwV/98jrpXDV8yx+v6827so4qOkPn6BL56AY10QNqoTaiaIKe0St6cwrnxXl3PpajFafcOUV/4Hz+AN2bk8c=</latexit><latexit sha1_base64="G49Hv5u2Ea/qd9RoGoQlsY+5ako=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWZE0JUU3LisYB/QDkMmc6cNzSRDkimUoX/ixoUibv0Td/6NaTsLbT0QcjjnXnJyoowzbTzv26lsbG5t71R3a3v7B4dH7vFJR8tcUWhTyaXqRUQDZwLahhkOvUwBSSMO3Wh8P/e7E1CaSfFkphkEKRkKljBKjJVC1x1Eksd6mtqrgFnoh27da3gL4HXil6SOSrRC92sQS5qnIAzlROu+72UmKIgyjHKY1Qa5hozQMRlC31JBUtBBsUg+wxdWiXEilT3C4IX6e6MgqZ6Hs5MpMSO96s3F/7x+bpLboGAiyw0IunwoyTk2Es9rwDFTQA2fWkKoYjYrpiOiCDW2rJotwV/98jrpXDV8yx+v6827so4qOkPn6BL56AY10QNqoTaiaIKe0St6cwrnxXl3PpajFafcOUV/4Hz+AN2bk8c=</latexit><latexit sha1_base64="G49Hv5u2Ea/qd9RoGoQlsY+5ako=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWZE0JUU3LisYB/QDkMmc6cNzSRDkimUoX/ixoUibv0Td/6NaTsLbT0QcjjnXnJyoowzbTzv26lsbG5t71R3a3v7B4dH7vFJR8tcUWhTyaXqRUQDZwLahhkOvUwBSSMO3Wh8P/e7E1CaSfFkphkEKRkKljBKjJVC1x1Eksd6mtqrgFnoh27da3gL4HXil6SOSrRC92sQS5qnIAzlROu+72UmKIgyjHKY1Qa5hozQMRlC31JBUtBBsUg+wxdWiXEilT3C4IX6e6MgqZ6Hs5MpMSO96s3F/7x+bpLboGAiyw0IunwoyTk2Es9rwDFTQA2fWkKoYjYrpiOiCDW2rJotwV/98jrpXDV8yx+v6827so4qOkPn6BL56AY10QNqoTaiaIKe0St6cwrnxXl3PpajFafcOUV/4Hz+AN2bk8c=</latexit>
e2
<latexit sha1_base64="cVsP9cyIEl+nJHS7SLBsTh374qg=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjNF0JUU3LisYB/QDkMmk7ahmWRIMoUy9E/cuFDErX/izr8x085CWw+EHM65l5ycKOVMG8/7djY2t7Z3dit71f2Dw6Nj9+S0o2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gu/O6VKMymezCylQYJHgg0ZwcZKoesOIsljPUvsldN52Ajdmlf3FkDrxC9JDUq0QvdrEEuSJVQYwrHWfd9LTZBjZRjhdF4dZJqmmEzwiPYtFTihOsgXyefo0ioxGkpljzBoof7eyHGii3B2MsFmrFe9QvzP62dmeBvkTKSZoYIsHxpmHBmJihpQzBQlhs8swUQxmxWRMVaYGFtW1Zbgr355nXQadd/yx+ta866sowLncAFX4MMNNOEBWtAGAlN4hld4c3LnxXl3PpajG065cwZ/4Hz+AN8fk8g=</latexit><latexit sha1_base64="cVsP9cyIEl+nJHS7SLBsTh374qg=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjNF0JUU3LisYB/QDkMmk7ahmWRIMoUy9E/cuFDErX/izr8x085CWw+EHM65l5ycKOVMG8/7djY2t7Z3dit71f2Dw6Nj9+S0o2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gu/O6VKMymezCylQYJHgg0ZwcZKoesOIsljPUvsldN52Ajdmlf3FkDrxC9JDUq0QvdrEEuSJVQYwrHWfd9LTZBjZRjhdF4dZJqmmEzwiPYtFTihOsgXyefo0ioxGkpljzBoof7eyHGii3B2MsFmrFe9QvzP62dmeBvkTKSZoYIsHxpmHBmJihpQzBQlhs8swUQxmxWRMVaYGFtW1Zbgr355nXQadd/yx+ta866sowLncAFX4MMNNOEBWtAGAlN4hld4c3LnxXl3PpajG065cwZ/4Hz+AN8fk8g=</latexit><latexit sha1_base64="cVsP9cyIEl+nJHS7SLBsTh374qg=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjNF0JUU3LisYB/QDkMmk7ahmWRIMoUy9E/cuFDErX/izr8x085CWw+EHM65l5ycKOVMG8/7djY2t7Z3dit71f2Dw6Nj9+S0o2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gu/O6VKMymezCylQYJHgg0ZwcZKoesOIsljPUvsldN52Ajdmlf3FkDrxC9JDUq0QvdrEEuSJVQYwrHWfd9LTZBjZRjhdF4dZJqmmEzwiPYtFTihOsgXyefo0ioxGkpljzBoof7eyHGii3B2MsFmrFe9QvzP62dmeBvkTKSZoYIsHxpmHBmJihpQzBQlhs8swUQxmxWRMVaYGFtW1Zbgr355nXQadd/yx+ta866sowLncAFX4MMNNOEBWtAGAlN4hld4c3LnxXl3PpajG065cwZ/4Hz+AN8fk8g=</latexit><latexit sha1_base64="cVsP9cyIEl+nJHS7SLBsTh374qg=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjNF0JUU3LisYB/QDkMmk7ahmWRIMoUy9E/cuFDErX/izr8x085CWw+EHM65l5ycKOVMG8/7djY2t7Z3dit71f2Dw6Nj9+S0o2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gu/O6VKMymezCylQYJHgg0ZwcZKoesOIsljPUvsldN52Ajdmlf3FkDrxC9JDUq0QvdrEEuSJVQYwrHWfd9LTZBjZRjhdF4dZJqmmEzwiPYtFTihOsgXyefo0ioxGkpljzBoof7eyHGii3B2MsFmrFe9QvzP62dmeBvkTKSZoYIsHxpmHBmJihpQzBQlhs8swUQxmxWRMVaYGFtW1Zbgr355nXQadd/yx+ta866sowLncAFX4MMNNOEBWtAGAlN4hld4c3LnxXl3PpajG065cwZ/4Hz+AN8fk8g=</latexit>
✏1
<latexit sha1_base64="Gy2h7ePvxDelLSYKRrAT0ufXw/0=">AAACAHicbVBNS8NAEJ3Ur1q/qh48eAkWwVNJRNCTFLx4rGBroQlhs9m0Sze7YXcjlJCLf8WLB0W8+jO8+W/ctDlo64NlH+/NMDMvTBlV2nG+rdrK6tr6Rn2zsbW9s7vX3D/oK5FJTHpYMCEHIVKEUU56mmpGBqkkKAkZeQgnN6X/8EikooLf62lK/ASNOI0pRtpIQfPICwWL1DQxX+6RVFEmeBG4QbPltJ0Z7GXiVqQFFbpB88uLBM4SwjVmSKmh66Taz5HUFDNSNLxMkRThCRqRoaEcJUT5+eyAwj41SmTHQprHtT1Tf3fkKFHljqYyQXqsFr1S/M8bZjq+8nPK00wTjueD4ozZWthlGnZEJcGaTQ1BWFKzq43HSCKsTWYNE4K7ePIy6Z+3XcPvLlqd6yqOOhzDCZyBC5fQgVvoQg8wFPAMr/BmPVkv1rv1MS+tWVXPIfyB9fkDjt+W/g==</latexit><latexit sha1_base64="Gy2h7ePvxDelLSYKRrAT0ufXw/0=">AAACAHicbVBNS8NAEJ3Ur1q/qh48eAkWwVNJRNCTFLx4rGBroQlhs9m0Sze7YXcjlJCLf8WLB0W8+jO8+W/ctDlo64NlH+/NMDMvTBlV2nG+rdrK6tr6Rn2zsbW9s7vX3D/oK5FJTHpYMCEHIVKEUU56mmpGBqkkKAkZeQgnN6X/8EikooLf62lK/ASNOI0pRtpIQfPICwWL1DQxX+6RVFEmeBG4QbPltJ0Z7GXiVqQFFbpB88uLBM4SwjVmSKmh66Taz5HUFDNSNLxMkRThCRqRoaEcJUT5+eyAwj41SmTHQprHtT1Tf3fkKFHljqYyQXqsFr1S/M8bZjq+8nPK00wTjueD4ozZWthlGnZEJcGaTQ1BWFKzq43HSCKsTWYNE4K7ePIy6Z+3XcPvLlqd6yqOOhzDCZyBC5fQgVvoQg8wFPAMr/BmPVkv1rv1MS+tWVXPIfyB9fkDjt+W/g==</latexit><latexit sha1_base64="Gy2h7ePvxDelLSYKRrAT0ufXw/0=">AAACAHicbVBNS8NAEJ3Ur1q/qh48eAkWwVNJRNCTFLx4rGBroQlhs9m0Sze7YXcjlJCLf8WLB0W8+jO8+W/ctDlo64NlH+/NMDMvTBlV2nG+rdrK6tr6Rn2zsbW9s7vX3D/oK5FJTHpYMCEHIVKEUU56mmpGBqkkKAkZeQgnN6X/8EikooLf62lK/ASNOI0pRtpIQfPICwWL1DQxX+6RVFEmeBG4QbPltJ0Z7GXiVqQFFbpB88uLBM4SwjVmSKmh66Taz5HUFDNSNLxMkRThCRqRoaEcJUT5+eyAwj41SmTHQprHtT1Tf3fkKFHljqYyQXqsFr1S/M8bZjq+8nPK00wTjueD4ozZWthlGnZEJcGaTQ1BWFKzq43HSCKsTWYNE4K7ePIy6Z+3XcPvLlqd6yqOOhzDCZyBC5fQgVvoQg8wFPAMr/BmPVkv1rv1MS+tWVXPIfyB9fkDjt+W/g==</latexit><latexit sha1_base64="Gy2h7ePvxDelLSYKRrAT0ufXw/0=">AAACAHicbVBNS8NAEJ3Ur1q/qh48eAkWwVNJRNCTFLx4rGBroQlhs9m0Sze7YXcjlJCLf8WLB0W8+jO8+W/ctDlo64NlH+/NMDMvTBlV2nG+rdrK6tr6Rn2zsbW9s7vX3D/oK5FJTHpYMCEHIVKEUU56mmpGBqkkKAkZeQgnN6X/8EikooLf62lK/ASNOI0pRtpIQfPICwWL1DQxX+6RVFEmeBG4QbPltJ0Z7GXiVqQFFbpB88uLBM4SwjVmSKmh66Taz5HUFDNSNLxMkRThCRqRoaEcJUT5+eyAwj41SmTHQprHtT1Tf3fkKFHljqYyQXqsFr1S/M8bZjq+8nPK00wTjueD4ozZWthlGnZEJcGaTQ1BWFKzq43HSCKsTWYNE4K7ePIy6Z+3XcPvLlqd6yqOOhzDCZyBC5fQgVvoQg8wFPAMr/BmPVkv1rv1MS+tWVXPIfyB9fkDjt+W/g==</latexit>
✏2
<latexit sha1_base64="EHuA5K03olkVZjNELHaH3+0YkgI=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokRdCVFNy4rGAf0IQwmUzaoZOZMDMRSsjGX3HjQhG3foY7/8ZJm4W2HhjmcM693HtPmDKqtON8W7W19Y3Nrfp2Y2d3b//APjzqK5FJTHpYMCGHIVKEUU56mmpGhqkkKAkZGYTT29IfPBKpqOAPepYSP0FjTmOKkTZSYJ94oWCRmiXmyz2SKsoEL4J2YDedljMHXCVuRZqgQjewv7xI4CwhXGOGlBq5Tqr9HElNMSNFw8sUSRGeojEZGcpRQpSfzw8o4LlRIhgLaR7XcK7+7shRosodTWWC9EQte6X4nzfKdHzt55SnmSYcLwbFGYNawDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dss1/P6y2bmp4qiDU3AGLoALrkAH3IEu6AEMCvAMXsGb9WS9WO/Wx6K0ZlU9x+APrM8fkGOW/w==</latexit><latexit sha1_base64="EHuA5K03olkVZjNELHaH3+0YkgI=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokRdCVFNy4rGAf0IQwmUzaoZOZMDMRSsjGX3HjQhG3foY7/8ZJm4W2HhjmcM693HtPmDKqtON8W7W19Y3Nrfp2Y2d3b//APjzqK5FJTHpYMCGHIVKEUU56mmpGhqkkKAkZGYTT29IfPBKpqOAPepYSP0FjTmOKkTZSYJ94oWCRmiXmyz2SKsoEL4J2YDedljMHXCVuRZqgQjewv7xI4CwhXGOGlBq5Tqr9HElNMSNFw8sUSRGeojEZGcpRQpSfzw8o4LlRIhgLaR7XcK7+7shRosodTWWC9EQte6X4nzfKdHzt55SnmSYcLwbFGYNawDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dss1/P6y2bmp4qiDU3AGLoALrkAH3IEu6AEMCvAMXsGb9WS9WO/Wx6K0ZlU9x+APrM8fkGOW/w==</latexit><latexit sha1_base64="EHuA5K03olkVZjNELHaH3+0YkgI=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokRdCVFNy4rGAf0IQwmUzaoZOZMDMRSsjGX3HjQhG3foY7/8ZJm4W2HhjmcM693HtPmDKqtON8W7W19Y3Nrfp2Y2d3b//APjzqK5FJTHpYMCGHIVKEUU56mmpGhqkkKAkZGYTT29IfPBKpqOAPepYSP0FjTmOKkTZSYJ94oWCRmiXmyz2SKsoEL4J2YDedljMHXCVuRZqgQjewv7xI4CwhXGOGlBq5Tqr9HElNMSNFw8sUSRGeojEZGcpRQpSfzw8o4LlRIhgLaR7XcK7+7shRosodTWWC9EQte6X4nzfKdHzt55SnmSYcLwbFGYNawDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dss1/P6y2bmp4qiDU3AGLoALrkAH3IEu6AEMCvAMXsGb9WS9WO/Wx6K0ZlU9x+APrM8fkGOW/w==</latexit><latexit sha1_base64="EHuA5K03olkVZjNELHaH3+0YkgI=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokRdCVFNy4rGAf0IQwmUzaoZOZMDMRSsjGX3HjQhG3foY7/8ZJm4W2HhjmcM693HtPmDKqtON8W7W19Y3Nrfp2Y2d3b//APjzqK5FJTHpYMCGHIVKEUU56mmpGhqkkKAkZGYTT29IfPBKpqOAPepYSP0FjTmOKkTZSYJ94oWCRmiXmyz2SKsoEL4J2YDedljMHXCVuRZqgQjewv7xI4CwhXGOGlBq5Tqr9HElNMSNFw8sUSRGeojEZGcpRQpSfzw8o4LlRIhgLaR7XcK7+7shRosodTWWC9EQte6X4nzfKdHzt55SnmSYcLwbFGYNawDINGFFJsGYzQxCW1OwK8QRJhLXJrGFCcJdPXiX9dss1/P6y2bmp4qiDU3AGLoALrkAH3IEu6AEMCvAMXsGb9WS9WO/Wx6K0ZlU9x+APrM8fkGOW/w==</latexit>
β2
<latexit sha1_base64="vJlkyI3MeyqgR8sInfKgihI7zjI=">AAAB/XicbVDLSsNAFJ34rPVVHzs3wSK4KkkRdCUFNy4r2Ac0IUwmN+3QyUyYmQg1FH/FjQtF3Pof7vwbJ20W2npgmMM59zJnTpgyqrTjfFsrq2vrG5uVrer2zu7efu3gsKtEJgl0iGBC9kOsgFEOHU01g34qASchg144vin83gNIRQW/15MU/AQPOY0pwdpIQe3YCwWL1CQxV+6FoPE0aAa1utNwZrCXiVuSOirRDmpfXiRIlgDXhGGlBq6Taj/HUlPCYFr1MgUpJmM8hIGhHCeg/HyWfmqfGSWyYyHN4dqeqb83cpyoIqCZTLAeqUWvEP/zBpmOr/yc8jTTwMn8oThjthZ2UYUdUQlEs4khmEhqstpkhCUm2hRWNSW4i19eJt1mwzX87qLeui7rqKATdIrOkYsuUQvdojbqIIIe0TN6RW/Wk/VivVsf89EVq9w5Qn9gff4A822Vgw==</latexit><latexit sha1_base64="vJlkyI3MeyqgR8sInfKgihI7zjI=">AAAB/XicbVDLSsNAFJ34rPVVHzs3wSK4KkkRdCUFNy4r2Ac0IUwmN+3QyUyYmQg1FH/FjQtF3Pof7vwbJ20W2npgmMM59zJnTpgyqrTjfFsrq2vrG5uVrer2zu7efu3gsKtEJgl0iGBC9kOsgFEOHU01g34qASchg144vin83gNIRQW/15MU/AQPOY0pwdpIQe3YCwWL1CQxV+6FoPE0aAa1utNwZrCXiVuSOirRDmpfXiRIlgDXhGGlBq6Taj/HUlPCYFr1MgUpJmM8hIGhHCeg/HyWfmqfGSWyYyHN4dqeqb83cpyoIqCZTLAeqUWvEP/zBpmOr/yc8jTTwMn8oThjthZ2UYUdUQlEs4khmEhqstpkhCUm2hRWNSW4i19eJt1mwzX87qLeui7rqKATdIrOkYsuUQvdojbqIIIe0TN6RW/Wk/VivVsf89EVq9w5Qn9gff4A822Vgw==</latexit><latexit sha1_base64="vJlkyI3MeyqgR8sInfKgihI7zjI=">AAAB/XicbVDLSsNAFJ34rPVVHzs3wSK4KkkRdCUFNy4r2Ac0IUwmN+3QyUyYmQg1FH/FjQtF3Pof7vwbJ20W2npgmMM59zJnTpgyqrTjfFsrq2vrG5uVrer2zu7efu3gsKtEJgl0iGBC9kOsgFEOHU01g34qASchg144vin83gNIRQW/15MU/AQPOY0pwdpIQe3YCwWL1CQxV+6FoPE0aAa1utNwZrCXiVuSOirRDmpfXiRIlgDXhGGlBq6Taj/HUlPCYFr1MgUpJmM8hIGhHCeg/HyWfmqfGSWyYyHN4dqeqb83cpyoIqCZTLAeqUWvEP/zBpmOr/yc8jTTwMn8oThjthZ2UYUdUQlEs4khmEhqstpkhCUm2hRWNSW4i19eJt1mwzX87qLeui7rqKATdIrOkYsuUQvdojbqIIIe0TN6RW/Wk/VivVsf89EVq9w5Qn9gff4A822Vgw==</latexit><latexit sha1_base64="vJlkyI3MeyqgR8sInfKgihI7zjI=">AAAB/XicbVDLSsNAFJ34rPVVHzs3wSK4KkkRdCUFNy4r2Ac0IUwmN+3QyUyYmQg1FH/FjQtF3Pof7vwbJ20W2npgmMM59zJnTpgyqrTjfFsrq2vrG5uVrer2zu7efu3gsKtEJgl0iGBC9kOsgFEOHU01g34qASchg144vin83gNIRQW/15MU/AQPOY0pwdpIQe3YCwWL1CQxV+6FoPE0aAa1utNwZrCXiVuSOirRDmpfXiRIlgDXhGGlBq6Taj/HUlPCYFr1MgUpJmM8hIGhHCeg/HyWfmqfGSWyYyHN4dqeqb83cpyoIqCZTLAeqUWvEP/zBpmOr/yc8jTTwMn8oThjthZ2UYUdUQlEs4khmEhqstpkhCUm2hRWNSW4i19eJt1mwzX87qLeui7rqKATdIrOkYsuUQvdojbqIIIe0TN6RW/Wk/VivVsf89EVq9w5Qn9gff4A822Vgw==</latexit>
β1
<latexit sha1_base64="mfFUu4W0+0BkP558FjpFRhImsP4=">AAAB/XicbVDLSsNAFJ3UV62v+ti5GSyCq5KIoCspuHFZwT6gCWEymbRDJ5MwcyPUUPwVNy4Ucet/uPNvnLRZaOuBYQ7n3MucOUEquAbb/rYqK6tr6xvVzdrW9s7uXn3/oKuTTFHWoYlIVD8gmgkuWQc4CNZPFSNxIFgvGN8Ufu+BKc0TeQ+TlHkxGUoecUrASH79yA0SEepJbK7cDRiQqe/49YbdtGfAy8QpSQOVaPv1LzdMaBYzCVQQrQeOnYKXEwWcCjatuZlmKaFjMmQDQyWJmfbyWfopPjVKiKNEmSMBz9TfGzmJdRHQTMYERnrRK8T/vEEG0ZWXc5lmwCSdPxRlAkOCiypwyBWjICaGEKq4yYrpiChCwRRWMyU4i19eJt3zpmP43UWjdV3WUUXH6ASdIQddoha6RW3UQRQ9omf0it6sJ+vFerc+5qMVq9w5RH9gff4A8emVgg==</latexit><latexit sha1_base64="mfFUu4W0+0BkP558FjpFRhImsP4=">AAAB/XicbVDLSsNAFJ3UV62v+ti5GSyCq5KIoCspuHFZwT6gCWEymbRDJ5MwcyPUUPwVNy4Ucet/uPNvnLRZaOuBYQ7n3MucOUEquAbb/rYqK6tr6xvVzdrW9s7uXn3/oKuTTFHWoYlIVD8gmgkuWQc4CNZPFSNxIFgvGN8Ufu+BKc0TeQ+TlHkxGUoecUrASH79yA0SEepJbK7cDRiQqe/49YbdtGfAy8QpSQOVaPv1LzdMaBYzCVQQrQeOnYKXEwWcCjatuZlmKaFjMmQDQyWJmfbyWfopPjVKiKNEmSMBz9TfGzmJdRHQTMYERnrRK8T/vEEG0ZWXc5lmwCSdPxRlAkOCiypwyBWjICaGEKq4yYrpiChCwRRWMyU4i19eJt3zpmP43UWjdV3WUUXH6ASdIQddoha6RW3UQRQ9omf0it6sJ+vFerc+5qMVq9w5RH9gff4A8emVgg==</latexit><latexit sha1_base64="mfFUu4W0+0BkP558FjpFRhImsP4=">AAAB/XicbVDLSsNAFJ3UV62v+ti5GSyCq5KIoCspuHFZwT6gCWEymbRDJ5MwcyPUUPwVNy4Ucet/uPNvnLRZaOuBYQ7n3MucOUEquAbb/rYqK6tr6xvVzdrW9s7uXn3/oKuTTFHWoYlIVD8gmgkuWQc4CNZPFSNxIFgvGN8Ufu+BKc0TeQ+TlHkxGUoecUrASH79yA0SEepJbK7cDRiQqe/49YbdtGfAy8QpSQOVaPv1LzdMaBYzCVQQrQeOnYKXEwWcCjatuZlmKaFjMmQDQyWJmfbyWfopPjVKiKNEmSMBz9TfGzmJdRHQTMYERnrRK8T/vEEG0ZWXc5lmwCSdPxRlAkOCiypwyBWjICaGEKq4yYrpiChCwRRWMyU4i19eJt3zpmP43UWjdV3WUUXH6ASdIQddoha6RW3UQRQ9omf0it6sJ+vFerc+5qMVq9w5RH9gff4A8emVgg==</latexit><latexit sha1_base64="mfFUu4W0+0BkP558FjpFRhImsP4=">AAAB/XicbVDLSsNAFJ3UV62v+ti5GSyCq5KIoCspuHFZwT6gCWEymbRDJ5MwcyPUUPwVNy4Ucet/uPNvnLRZaOuBYQ7n3MucOUEquAbb/rYqK6tr6xvVzdrW9s7uXn3/oKuTTFHWoYlIVD8gmgkuWQc4CNZPFSNxIFgvGN8Ufu+BKc0TeQ+TlHkxGUoecUrASH79yA0SEepJbK7cDRiQqe/49YbdtGfAy8QpSQOVaPv1LzdMaBYzCVQQrQeOnYKXEwWcCjatuZlmKaFjMmQDQyWJmfbyWfopPjVKiKNEmSMBz9TfGzmJdRHQTMYERnrRK8T/vEEG0ZWXc5lmwCSdPxRlAkOCiypwyBWjICaGEKq4yYrpiChCwRRWMyU4i19eJt3zpmP43UWjdV3WUUXH6ASdIQddoha6RW3UQRQ9omf0it6sJ+vFerc+5qMVq9w5RH9gff4A8emVgg==</latexit>
E1
<latexit sha1_base64="4Ac8bQvsQBEXNFlRMtsjfJY6Vnc=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdSEMFlBfuAdhgymbQNzSRDkimUoX/ixoUibv0Td/6NmXYWWj0QcjjnXnJyopQzbTzvy6msrW9sblW3azu7e/sH7uFRR8tMEdomkkvVi7CmnAnaNsxw2ksVxUnEaTea3BZ+d0qVZlI8mllKgwSPBBsygo2VQtcdRJLHepbYK7+bh37o1r2GtwD6S/yS1KFEK3Q/B7EkWUKFIRxr3fe91AQ5VoYRTue1QaZpiskEj2jfUoETqoN8kXyOzqwSo6FU9giDFurPjRwnughnJxNsxnrVK8T/vH5mhtdBzkSaGSrI8qFhxpGRqKgBxUxRYvjMEkwUs1kRGWOFibFl1WwJ/uqX/5LORcO3/OGy3rwp66jCCZzCOfhwBU24hxa0gcAUnuAFXp3ceXbenPflaMUpd47hF5yPb6y7k6c=</latexit><latexit sha1_base64="4Ac8bQvsQBEXNFlRMtsjfJY6Vnc=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdSEMFlBfuAdhgymbQNzSRDkimUoX/ixoUibv0Td/6NmXYWWj0QcjjnXnJyopQzbTzvy6msrW9sblW3azu7e/sH7uFRR8tMEdomkkvVi7CmnAnaNsxw2ksVxUnEaTea3BZ+d0qVZlI8mllKgwSPBBsygo2VQtcdRJLHepbYK7+bh37o1r2GtwD6S/yS1KFEK3Q/B7EkWUKFIRxr3fe91AQ5VoYRTue1QaZpiskEj2jfUoETqoN8kXyOzqwSo6FU9giDFurPjRwnughnJxNsxnrVK8T/vH5mhtdBzkSaGSrI8qFhxpGRqKgBxUxRYvjMEkwUs1kRGWOFibFl1WwJ/uqX/5LORcO3/OGy3rwp66jCCZzCOfhwBU24hxa0gcAUnuAFXp3ceXbenPflaMUpd47hF5yPb6y7k6c=</latexit><latexit sha1_base64="4Ac8bQvsQBEXNFlRMtsjfJY6Vnc=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdSEMFlBfuAdhgymbQNzSRDkimUoX/ixoUibv0Td/6NmXYWWj0QcjjnXnJyopQzbTzvy6msrW9sblW3azu7e/sH7uFRR8tMEdomkkvVi7CmnAnaNsxw2ksVxUnEaTea3BZ+d0qVZlI8mllKgwSPBBsygo2VQtcdRJLHepbYK7+bh37o1r2GtwD6S/yS1KFEK3Q/B7EkWUKFIRxr3fe91AQ5VoYRTue1QaZpiskEj2jfUoETqoN8kXyOzqwSo6FU9giDFurPjRwnughnJxNsxnrVK8T/vH5mhtdBzkSaGSrI8qFhxpGRqKgBxUxRYvjMEkwUs1kRGWOFibFl1WwJ/uqX/5LORcO3/OGy3rwp66jCCZzCOfhwBU24hxa0gcAUnuAFXp3ceXbenPflaMUpd47hF5yPb6y7k6c=</latexit><latexit sha1_base64="4Ac8bQvsQBEXNFlRMtsjfJY6Vnc=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdSEMFlBfuAdhgymbQNzSRDkimUoX/ixoUibv0Td/6NmXYWWj0QcjjnXnJyopQzbTzvy6msrW9sblW3azu7e/sH7uFRR8tMEdomkkvVi7CmnAnaNsxw2ksVxUnEaTea3BZ+d0qVZlI8mllKgwSPBBsygo2VQtcdRJLHepbYK7+bh37o1r2GtwD6S/yS1KFEK3Q/B7EkWUKFIRxr3fe91AQ5VoYRTue1QaZpiskEj2jfUoETqoN8kXyOzqwSo6FU9giDFurPjRwnughnJxNsxnrVK8T/vH5mhtdBzkSaGSrI8qFhxpGRqKgBxUxRYvjMEkwUs1kRGWOFibFl1WwJ/uqX/5LORcO3/OGy3rwp66jCCZzCOfhwBU24hxa0gcAUnuAFXp3ceXbenPflaMUpd47hF5yPb6y7k6c=</latexit>
B1
<latexit sha1_base64="k5L7ikRowGoPPnxlBpeBBmtpb0o=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdSdOOygn1AOwyZTNqGZpIhyRTK0D9x40IRt/6JO//GTDsLrR4IOZxzLzk5UcqZNp735VTW1jc2t6rbtZ3dvf0D9/Coo2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gq/O6VKMykezSylQYJHgg0ZwcZKoesOIsljPUvsld/OQz90617DWwD9JX5J6lCiFbqfg1iSLKHCEI617vteaoIcK8MIp/PaINM0xWSCR7RvqcAJ1UG+SD5HZ1aJ0VAqe4RBC/XnRo4TXYSzkwk2Y73qFeJ/Xj8zw+sgZyLNDBVk+dAw48hIVNSAYqYoMXxmCSaK2ayIjLHCxNiyarYEf/XLf0nnouFb/nBZb96UdVThBE7hHHy4gibcQwvaQGAKT/ACr07uPDtvzvtytOKUO8fwC87HN6gmk6Q=</latexit><latexit sha1_base64="k5L7ikRowGoPPnxlBpeBBmtpb0o=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdSdOOygn1AOwyZTNqGZpIhyRTK0D9x40IRt/6JO//GTDsLrR4IOZxzLzk5UcqZNp735VTW1jc2t6rbtZ3dvf0D9/Coo2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gq/O6VKMykezSylQYJHgg0ZwcZKoesOIsljPUvsld/OQz90617DWwD9JX5J6lCiFbqfg1iSLKHCEI617vteaoIcK8MIp/PaINM0xWSCR7RvqcAJ1UG+SD5HZ1aJ0VAqe4RBC/XnRo4TXYSzkwk2Y73qFeJ/Xj8zw+sgZyLNDBVk+dAw48hIVNSAYqYoMXxmCSaK2ayIjLHCxNiyarYEf/XLf0nnouFb/nBZb96UdVThBE7hHHy4gibcQwvaQGAKT/ACr07uPDtvzvtytOKUO8fwC87HN6gmk6Q=</latexit><latexit sha1_base64="k5L7ikRowGoPPnxlBpeBBmtpb0o=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdSdOOygn1AOwyZTNqGZpIhyRTK0D9x40IRt/6JO//GTDsLrR4IOZxzLzk5UcqZNp735VTW1jc2t6rbtZ3dvf0D9/Coo2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gq/O6VKMykezSylQYJHgg0ZwcZKoesOIsljPUvsld/OQz90617DWwD9JX5J6lCiFbqfg1iSLKHCEI617vteaoIcK8MIp/PaINM0xWSCR7RvqcAJ1UG+SD5HZ1aJ0VAqe4RBC/XnRo4TXYSzkwk2Y73qFeJ/Xj8zw+sgZyLNDBVk+dAw48hIVNSAYqYoMXxmCSaK2ayIjLHCxNiyarYEf/XLf0nnouFb/nBZb96UdVThBE7hHHy4gibcQwvaQGAKT/ACr07uPDtvzvtytOKUO8fwC87HN6gmk6Q=</latexit><latexit sha1_base64="k5L7ikRowGoPPnxlBpeBBmtpb0o=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdSdOOygn1AOwyZTNqGZpIhyRTK0D9x40IRt/6JO//GTDsLrR4IOZxzLzk5UcqZNp735VTW1jc2t6rbtZ3dvf0D9/Coo2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gq/O6VKMykezSylQYJHgg0ZwcZKoesOIsljPUvsld/OQz90617DWwD9JX5J6lCiFbqfg1iSLKHCEI617vteaoIcK8MIp/PaINM0xWSCR7RvqcAJ1UG+SD5HZ1aJ0VAqe4RBC/XnRo4TXYSzkwk2Y73qFeJ/Xj8zw+sgZyLNDBVk+dAw48hIVNSAYqYoMXxmCSaK2ayIjLHCxNiyarYEf/XLf0nnouFb/nBZb96UdVThBE7hHHy4gibcQwvaQGAKT/ACr07uPDtvzvtytOKUO8fwC87HN6gmk6Q=</latexit>
e1
<latexit sha1_base64="G49Hv5u2Ea/qd9RoGoQlsY+5ako=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWZE0JUU3LisYB/QDkMmc6cNzSRDkimUoX/ixoUibv0Td/6NaTsLbT0QcjjnXnJyoowzbTzv26lsbG5t71R3a3v7B4dH7vFJR8tcUWhTyaXqRUQDZwLahhkOvUwBSSMO3Wh8P/e7E1CaSfFkphkEKRkKljBKjJVC1x1Eksd6mtqrgFnoh27da3gL4HXil6SOSrRC92sQS5qnIAzlROu+72UmKIgyjHKY1Qa5hozQMRlC31JBUtBBsUg+wxdWiXEilT3C4IX6e6MgqZ6Hs5MpMSO96s3F/7x+bpLboGAiyw0IunwoyTk2Es9rwDFTQA2fWkKoYjYrpiOiCDW2rJotwV/98jrpXDV8yx+v6827so4qOkPn6BL56AY10QNqoTaiaIKe0St6cwrnxXl3PpajFafcOUV/4Hz+AN2bk8c=</latexit><latexit sha1_base64="G49Hv5u2Ea/qd9RoGoQlsY+5ako=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWZE0JUU3LisYB/QDkMmc6cNzSRDkimUoX/ixoUibv0Td/6NaTsLbT0QcjjnXnJyoowzbTzv26lsbG5t71R3a3v7B4dH7vFJR8tcUWhTyaXqRUQDZwLahhkOvUwBSSMO3Wh8P/e7E1CaSfFkphkEKRkKljBKjJVC1x1Eksd6mtqrgFnoh27da3gL4HXil6SOSrRC92sQS5qnIAzlROu+72UmKIgyjHKY1Qa5hozQMRlC31JBUtBBsUg+wxdWiXEilT3C4IX6e6MgqZ6Hs5MpMSO96s3F/7x+bpLboGAiyw0IunwoyTk2Es9rwDFTQA2fWkKoYjYrpiOiCDW2rJotwV/98jrpXDV8yx+v6827so4qOkPn6BL56AY10QNqoTaiaIKe0St6cwrnxXl3PpajFafcOUV/4Hz+AN2bk8c=</latexit><latexit sha1_base64="G49Hv5u2Ea/qd9RoGoQlsY+5ako=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWZE0JUU3LisYB/QDkMmc6cNzSRDkimUoX/ixoUibv0Td/6NaTsLbT0QcjjnXnJyoowzbTzv26lsbG5t71R3a3v7B4dH7vFJR8tcUWhTyaXqRUQDZwLahhkOvUwBSSMO3Wh8P/e7E1CaSfFkphkEKRkKljBKjJVC1x1Eksd6mtqrgFnoh27da3gL4HXil6SOSrRC92sQS5qnIAzlROu+72UmKIgyjHKY1Qa5hozQMRlC31JBUtBBsUg+wxdWiXEilT3C4IX6e6MgqZ6Hs5MpMSO96s3F/7x+bpLboGAiyw0IunwoyTk2Es9rwDFTQA2fWkKoYjYrpiOiCDW2rJotwV/98jrpXDV8yx+v6827so4qOkPn6BL56AY10QNqoTaiaIKe0St6cwrnxXl3PpajFafcOUV/4Hz+AN2bk8c=</latexit><latexit sha1_base64="G49Hv5u2Ea/qd9RoGoQlsY+5ako=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWZE0JUU3LisYB/QDkMmc6cNzSRDkimUoX/ixoUibv0Td/6NaTsLbT0QcjjnXnJyoowzbTzv26lsbG5t71R3a3v7B4dH7vFJR8tcUWhTyaXqRUQDZwLahhkOvUwBSSMO3Wh8P/e7E1CaSfFkphkEKRkKljBKjJVC1x1Eksd6mtqrgFnoh27da3gL4HXil6SOSrRC92sQS5qnIAzlROu+72UmKIgyjHKY1Qa5hozQMRlC31JBUtBBsUg+wxdWiXEilT3C4IX6e6MgqZ6Hs5MpMSO96s3F/7x+bpLboGAiyw0IunwoyTk2Es9rwDFTQA2fWkKoYjYrpiOiCDW2rJotwV/98jrpXDV8yx+v6827so4qOkPn6BL56AY10QNqoTaiaIKe0St6cwrnxXl3PpajFafcOUV/4Hz+AN2bk8c=</latexit>
e2
<latexit sha1_base64="cVsP9cyIEl+nJHS7SLBsTh374qg=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjNF0JUU3LisYB/QDkMmk7ahmWRIMoUy9E/cuFDErX/izr8x085CWw+EHM65l5ycKOVMG8/7djY2t7Z3dit71f2Dw6Nj9+S0o2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gu/O6VKMymezCylQYJHgg0ZwcZKoesOIsljPUvsldN52Ajdmlf3FkDrxC9JDUq0QvdrEEuSJVQYwrHWfd9LTZBjZRjhdF4dZJqmmEzwiPYtFTihOsgXyefo0ioxGkpljzBoof7eyHGii3B2MsFmrFe9QvzP62dmeBvkTKSZoYIsHxpmHBmJihpQzBQlhs8swUQxmxWRMVaYGFtW1Zbgr355nXQadd/yx+ta866sowLncAFX4MMNNOEBWtAGAlN4hld4c3LnxXl3PpajG065cwZ/4Hz+AN8fk8g=</latexit><latexit sha1_base64="cVsP9cyIEl+nJHS7SLBsTh374qg=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjNF0JUU3LisYB/QDkMmk7ahmWRIMoUy9E/cuFDErX/izr8x085CWw+EHM65l5ycKOVMG8/7djY2t7Z3dit71f2Dw6Nj9+S0o2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gu/O6VKMymezCylQYJHgg0ZwcZKoesOIsljPUvsldN52Ajdmlf3FkDrxC9JDUq0QvdrEEuSJVQYwrHWfd9LTZBjZRjhdF4dZJqmmEzwiPYtFTihOsgXyefo0ioxGkpljzBoof7eyHGii3B2MsFmrFe9QvzP62dmeBvkTKSZoYIsHxpmHBmJihpQzBQlhs8swUQxmxWRMVaYGFtW1Zbgr355nXQadd/yx+ta866sowLncAFX4MMNNOEBWtAGAlN4hld4c3LnxXl3PpajG065cwZ/4Hz+AN8fk8g=</latexit><latexit sha1_base64="cVsP9cyIEl+nJHS7SLBsTh374qg=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjNF0JUU3LisYB/QDkMmk7ahmWRIMoUy9E/cuFDErX/izr8x085CWw+EHM65l5ycKOVMG8/7djY2t7Z3dit71f2Dw6Nj9+S0o2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gu/O6VKMymezCylQYJHgg0ZwcZKoesOIsljPUvsldN52Ajdmlf3FkDrxC9JDUq0QvdrEEuSJVQYwrHWfd9LTZBjZRjhdF4dZJqmmEzwiPYtFTihOsgXyefo0ioxGkpljzBoof7eyHGii3B2MsFmrFe9QvzP62dmeBvkTKSZoYIsHxpmHBmJihpQzBQlhs8swUQxmxWRMVaYGFtW1Zbgr355nXQadd/yx+ta866sowLncAFX4MMNNOEBWtAGAlN4hld4c3LnxXl3PpajG065cwZ/4Hz+AN8fk8g=</latexit><latexit sha1_base64="cVsP9cyIEl+nJHS7SLBsTh374qg=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjNF0JUU3LisYB/QDkMmk7ahmWRIMoUy9E/cuFDErX/izr8x085CWw+EHM65l5ycKOVMG8/7djY2t7Z3dit71f2Dw6Nj9+S0o2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gu/O6VKMymezCylQYJHgg0ZwcZKoesOIsljPUvsldN52Ajdmlf3FkDrxC9JDUq0QvdrEEuSJVQYwrHWfd9LTZBjZRjhdF4dZJqmmEzwiPYtFTihOsgXyefo0ioxGkpljzBoof7eyHGii3B2MsFmrFe9QvzP62dmeBvkTKSZoYIsHxpmHBmJihpQzBQlhs8swUQxmxWRMVaYGFtW1Zbgr355nXQadd/yx+ta866sowLncAFX4MMNNOEBWtAGAlN4hld4c3LnxXl3PpajG065cwZ/4Hz+AN8fk8g=</latexit>
b2
<latexit sha1_base64="Rh8kKGH7QFkeebrUc1KXIxUBnu8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjNF0JUU3LisYB/QDkMmk7ahmWRIMoUy9E/cuFDErX/izr8x085CWw+EHM65l5ycKOVMG8/7djY2t7Z3dit71f2Dw6Nj9+S0o2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gu/O6VKMymezCylQYJHgg0ZwcZKoesOIsljPUvslUfzsBG6Na/uLYDWiV+SGpRohe7XIJYkS6gwhGOt+76XmiDHyjDC6bw6yDRNMZngEe1bKnBCdZAvks/RpVViNJTKHmHQQv29keNEF+HsZILNWK96hfif18/M8DbImUgzQwVZPjTMODISFTWgmClKDJ9ZgoliNisiY6wwMbasqi3BX/3yOuk06r7lj9e15l1ZRwXO4QKuwIcbaMIDtKANBKbwDK/w5uTOi/PufCxHN5xy5wz+wPn8AdqKk8U=</latexit><latexit sha1_base64="Rh8kKGH7QFkeebrUc1KXIxUBnu8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjNF0JUU3LisYB/QDkMmk7ahmWRIMoUy9E/cuFDErX/izr8x085CWw+EHM65l5ycKOVMG8/7djY2t7Z3dit71f2Dw6Nj9+S0o2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gu/O6VKMymezCylQYJHgg0ZwcZKoesOIsljPUvslUfzsBG6Na/uLYDWiV+SGpRohe7XIJYkS6gwhGOt+76XmiDHyjDC6bw6yDRNMZngEe1bKnBCdZAvks/RpVViNJTKHmHQQv29keNEF+HsZILNWK96hfif18/M8DbImUgzQwVZPjTMODISFTWgmClKDJ9ZgoliNisiY6wwMbasqi3BX/3yOuk06r7lj9e15l1ZRwXO4QKuwIcbaMIDtKANBKbwDK/w5uTOi/PufCxHN5xy5wz+wPn8AdqKk8U=</latexit><latexit sha1_base64="Rh8kKGH7QFkeebrUc1KXIxUBnu8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjNF0JUU3LisYB/QDkMmk7ahmWRIMoUy9E/cuFDErX/izr8x085CWw+EHM65l5ycKOVMG8/7djY2t7Z3dit71f2Dw6Nj9+S0o2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gu/O6VKMymezCylQYJHgg0ZwcZKoesOIsljPUvslUfzsBG6Na/uLYDWiV+SGpRohe7XIJYkS6gwhGOt+76XmiDHyjDC6bw6yDRNMZngEe1bKnBCdZAvks/RpVViNJTKHmHQQv29keNEF+HsZILNWK96hfif18/M8DbImUgzQwVZPjTMODISFTWgmClKDJ9ZgoliNisiY6wwMbasqi3BX/3yOuk06r7lj9e15l1ZRwXO4QKuwIcbaMIDtKANBKbwDK/w5uTOi/PufCxHN5xy5wz+wPn8AdqKk8U=</latexit><latexit sha1_base64="Rh8kKGH7QFkeebrUc1KXIxUBnu8=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK4KjNF0JUU3LisYB/QDkMmk7ahmWRIMoUy9E/cuFDErX/izr8x085CWw+EHM65l5ycKOVMG8/7djY2t7Z3dit71f2Dw6Nj9+S0o2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBtN7gu/O6VKMymezCylQYJHgg0ZwcZKoesOIsljPUvslUfzsBG6Na/uLYDWiV+SGpRohe7XIJYkS6gwhGOt+76XmiDHyjDC6bw6yDRNMZngEe1bKnBCdZAvks/RpVViNJTKHmHQQv29keNEF+HsZILNWK96hfif18/M8DbImUgzQwVZPjTMODISFTWgmClKDJ9ZgoliNisiY6wwMbasqi3BX/3yOuk06r7lj9e15l1ZRwXO4QKuwIcbaMIDtKANBKbwDK/w5uTOi/PufCxHN5xy5wz+wPn8AdqKk8U=</latexit>
b1
<latexit sha1_base64="f3XRB6ol4sSuWRvetFpzQgin/CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdScOOygn1AOwyZTKYNzSRDkimUoX/ixoUibv0Td/6NaTsLbT0QcjjnXnJyoowzbTzv26lsbG5t71R3a3v7B4dH7vFJR8tcEdomkkvVi7CmnAnaNsxw2ssUxWnEaTca38/97oQqzaR4MtOMBikeCpYwgo2VQtcdRJLHepraq4hmoR+6da/hLYDWiV+SOpRohe7XIJYkT6kwhGOt+76XmaDAyjDC6aw2yDXNMBnjIe1bKnBKdVAsks/QhVVilEhljzBoof7eKHCq5+HsZIrNSK96c/E/r5+b5DYomMhyQwVZPpTkHBmJ5jWgmClKDJ9agoliNisiI6wwMbasmi3BX/3yOulcNXzLH6/rzbuyjiqcwTlcgg830IQHaEEbCEzgGV7hzSmcF+fd+ViOVpxy5xT+wPn8AdkGk8Q=</latexit><latexit sha1_base64="f3XRB6ol4sSuWRvetFpzQgin/CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdScOOygn1AOwyZTKYNzSRDkimUoX/ixoUibv0Td/6NaTsLbT0QcjjnXnJyoowzbTzv26lsbG5t71R3a3v7B4dH7vFJR8tcEdomkkvVi7CmnAnaNsxw2ssUxWnEaTca38/97oQqzaR4MtOMBikeCpYwgo2VQtcdRJLHepraq4hmoR+6da/hLYDWiV+SOpRohe7XIJYkT6kwhGOt+76XmaDAyjDC6aw2yDXNMBnjIe1bKnBKdVAsks/QhVVilEhljzBoof7eKHCq5+HsZIrNSK96c/E/r5+b5DYomMhyQwVZPpTkHBmJ5jWgmClKDJ9agoliNisiI6wwMbasmi3BX/3yOulcNXzLH6/rzbuyjiqcwTlcgg830IQHaEEbCEzgGV7hzSmcF+fd+ViOVpxy5xT+wPn8AdkGk8Q=</latexit><latexit sha1_base64="f3XRB6ol4sSuWRvetFpzQgin/CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdScOOygn1AOwyZTKYNzSRDkimUoX/ixoUibv0Td/6NaTsLbT0QcjjnXnJyoowzbTzv26lsbG5t71R3a3v7B4dH7vFJR8tcEdomkkvVi7CmnAnaNsxw2ssUxWnEaTca38/97oQqzaR4MtOMBikeCpYwgo2VQtcdRJLHepraq4hmoR+6da/hLYDWiV+SOpRohe7XIJYkT6kwhGOt+76XmaDAyjDC6aw2yDXNMBnjIe1bKnBKdVAsks/QhVVilEhljzBoof7eKHCq5+HsZIrNSK96c/E/r5+b5DYomMhyQwVZPpTkHBmJ5jWgmClKDJ9agoliNisiI6wwMbasmi3BX/3yOulcNXzLH6/rzbuyjiqcwTlcgg830IQHaEEbCEzgGV7hzSmcF+fd+ViOVpxy5xT+wPn8AdkGk8Q=</latexit><latexit sha1_base64="f3XRB6ol4sSuWRvetFpzQgin/CY=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQVdScOOygn1AOwyZTKYNzSRDkimUoX/ixoUibv0Td/6NaTsLbT0QcjjnXnJyoowzbTzv26lsbG5t71R3a3v7B4dH7vFJR8tcEdomkkvVi7CmnAnaNsxw2ssUxWnEaTca38/97oQqzaR4MtOMBikeCpYwgo2VQtcdRJLHepraq4hmoR+6da/hLYDWiV+SOpRohe7XIJYkT6kwhGOt+76XmaDAyjDC6aw2yDXNMBnjIe1bKnBKdVAsks/QhVVilEhljzBoof7eKHCq5+HsZIrNSK96c/E/r5+b5DYomMhyQwVZPpTkHBmJ5jWgmClKDJ9agoliNisiI6wwMbasmi3BX/3yOulcNXzLH6/rzbuyjiqcwTlcgg830IQHaEEbCEzgGV7hzSmcF+fd+ViOVpxy5xT+wPn8AdkGk8Q=</latexit>
Cut sky
<latexit sha1_base64="eW6o6DNl97PKI9LzE+FMGACrQXQ=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVTJSZuqu0I3LCvYB7VAyaaYNTWaGJFMYhvolblwo4tY/ceffmGkrqOiBwOGce7knJ0g4UxqhD6u0sbm1vVPereztHxwe2ccnXRWnktAOiXks+wFWlLOIdjTTnPYTSbEIOO0Fs1bh9+ZUKhZHdzpLqC/wJGIhI1gbaWTbQ4H1VIq8lep7NcsWI7uKao5b95ALDUHOtesUxEVeow6dGlqiCtZoj+z34TgmqaCRJhwrNXBQov0cS80Ip4vKMFU0wWSGJ3RgaIQFVX6+TL6AF0YZwzCW5kUaLtXvGzkWSmUiMJNFTvXbK8S/vEGqw4afsyhJNY3I6lCYcqhjWNQAx0xSonlmCCaSmayQTLHERJuyKqaEr5/C/0n3quYYfluvNr11HWVwBs7BJXCAB5rgBrRBBxAwBw/gCTxbufVovVivq9GStd45BT9gvX0CzEiUYg==</latexit><latexit sha1_base64="eW6o6DNl97PKI9LzE+FMGACrQXQ=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVTJSZuqu0I3LCvYB7VAyaaYNTWaGJFMYhvolblwo4tY/ceffmGkrqOiBwOGce7knJ0g4UxqhD6u0sbm1vVPereztHxwe2ccnXRWnktAOiXks+wFWlLOIdjTTnPYTSbEIOO0Fs1bh9+ZUKhZHdzpLqC/wJGIhI1gbaWTbQ4H1VIq8lep7NcsWI7uKao5b95ALDUHOtesUxEVeow6dGlqiCtZoj+z34TgmqaCRJhwrNXBQov0cS80Ip4vKMFU0wWSGJ3RgaIQFVX6+TL6AF0YZwzCW5kUaLtXvGzkWSmUiMJNFTvXbK8S/vEGqw4afsyhJNY3I6lCYcqhjWNQAx0xSonlmCCaSmayQTLHERJuyKqaEr5/C/0n3quYYfluvNr11HWVwBs7BJXCAB5rgBrRBBxAwBw/gCTxbufVovVivq9GStd45BT9gvX0CzEiUYg==</latexit><latexit sha1_base64="eW6o6DNl97PKI9LzE+FMGACrQXQ=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVTJSZuqu0I3LCvYB7VAyaaYNTWaGJFMYhvolblwo4tY/ceffmGkrqOiBwOGce7knJ0g4UxqhD6u0sbm1vVPereztHxwe2ccnXRWnktAOiXks+wFWlLOIdjTTnPYTSbEIOO0Fs1bh9+ZUKhZHdzpLqC/wJGIhI1gbaWTbQ4H1VIq8lep7NcsWI7uKao5b95ALDUHOtesUxEVeow6dGlqiCtZoj+z34TgmqaCRJhwrNXBQov0cS80Ip4vKMFU0wWSGJ3RgaIQFVX6+TL6AF0YZwzCW5kUaLtXvGzkWSmUiMJNFTvXbK8S/vEGqw4afsyhJNY3I6lCYcqhjWNQAx0xSonlmCCaSmayQTLHERJuyKqaEr5/C/0n3quYYfluvNr11HWVwBs7BJXCAB5rgBrRBBxAwBw/gCTxbufVovVivq9GStd45BT9gvX0CzEiUYg==</latexit><latexit sha1_base64="eW6o6DNl97PKI9LzE+FMGACrQXQ=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVTJSZuqu0I3LCvYB7VAyaaYNTWaGJFMYhvolblwo4tY/ceffmGkrqOiBwOGce7knJ0g4UxqhD6u0sbm1vVPereztHxwe2ccnXRWnktAOiXks+wFWlLOIdjTTnPYTSbEIOO0Fs1bh9+ZUKhZHdzpLqC/wJGIhI1gbaWTbQ4H1VIq8lep7NcsWI7uKao5b95ALDUHOtesUxEVeow6dGlqiCtZoj+z34TgmqaCRJhwrNXBQov0cS80Ip4vKMFU0wWSGJ3RgaIQFVX6+TL6AF0YZwzCW5kUaLtXvGzkWSmUiMJNFTvXbK8S/vEGqw4afsyhJNY3I6lCYcqhjWNQAx0xSonlmCCaSmayQTLHERJuyKqaEr5/C/0n3quYYfluvNr11HWVwBs7BJXCAB5rgBrRBBxAwBw/gCTxbufVovVivq9GStd45BT9gvX0CzEiUYg==</latexit>
Full sky
<latexit sha1_base64="AUNCV1M1ma976LEYbNwsoMlR7TQ=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgqsxImam7giAuK9gHtEPJpGkbmmSGJKMMY/0TNy4UceuXuPNvzLQVVPRA4HDOvdyTE8aMKu04H1ZhZXVtfaO4Wdra3tnds8v7bRUlEpMWjlgkuyFShFFBWppqRrqxJIiHjHTC6Xnud26IVDQS1zqNScDRWNARxUgbaWCX+xzpieTZRcLYvZqms4FdcaquV/MdDxriuGeemxPP8es16FadOSpgiebAfu8PI5xwIjRmSKme68Q6yJDUFDMyK/UTRWKEp2hMeoYKxIkKsnn0GTw2yhCOImme0HCuft/IEFcq5aGZzIOq314u/uX1Ej2qBxkVcaKJwItDo4RBHcG8BzikkmDNUkMQltRkhXiCJMLatFUyJXz9FP5P2qdV1/CrWqXhL+sogkNwBE6AC3zQAJegCVoAg1vwAJ7As3VnPVov1utitGAtdw7AD1hvn5QklNM=</latexit><latexit sha1_base64="AUNCV1M1ma976LEYbNwsoMlR7TQ=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgqsxImam7giAuK9gHtEPJpGkbmmSGJKMMY/0TNy4UceuXuPNvzLQVVPRA4HDOvdyTE8aMKu04H1ZhZXVtfaO4Wdra3tnds8v7bRUlEpMWjlgkuyFShFFBWppqRrqxJIiHjHTC6Xnud26IVDQS1zqNScDRWNARxUgbaWCX+xzpieTZRcLYvZqms4FdcaquV/MdDxriuGeemxPP8es16FadOSpgiebAfu8PI5xwIjRmSKme68Q6yJDUFDMyK/UTRWKEp2hMeoYKxIkKsnn0GTw2yhCOImme0HCuft/IEFcq5aGZzIOq314u/uX1Ej2qBxkVcaKJwItDo4RBHcG8BzikkmDNUkMQltRkhXiCJMLatFUyJXz9FP5P2qdV1/CrWqXhL+sogkNwBE6AC3zQAJegCVoAg1vwAJ7As3VnPVov1utitGAtdw7AD1hvn5QklNM=</latexit><latexit sha1_base64="AUNCV1M1ma976LEYbNwsoMlR7TQ=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgqsxImam7giAuK9gHtEPJpGkbmmSGJKMMY/0TNy4UceuXuPNvzLQVVPRA4HDOvdyTE8aMKu04H1ZhZXVtfaO4Wdra3tnds8v7bRUlEpMWjlgkuyFShFFBWppqRrqxJIiHjHTC6Xnud26IVDQS1zqNScDRWNARxUgbaWCX+xzpieTZRcLYvZqms4FdcaquV/MdDxriuGeemxPP8es16FadOSpgiebAfu8PI5xwIjRmSKme68Q6yJDUFDMyK/UTRWKEp2hMeoYKxIkKsnn0GTw2yhCOImme0HCuft/IEFcq5aGZzIOq314u/uX1Ej2qBxkVcaKJwItDo4RBHcG8BzikkmDNUkMQltRkhXiCJMLatFUyJXz9FP5P2qdV1/CrWqXhL+sogkNwBE6AC3zQAJegCVoAg1vwAJ7As3VnPVov1utitGAtdw7AD1hvn5QklNM=</latexit><latexit sha1_base64="AUNCV1M1ma976LEYbNwsoMlR7TQ=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgqsxImam7giAuK9gHtEPJpGkbmmSGJKMMY/0TNy4UceuXuPNvzLQVVPRA4HDOvdyTE8aMKu04H1ZhZXVtfaO4Wdra3tnds8v7bRUlEpMWjlgkuyFShFFBWppqRrqxJIiHjHTC6Xnud26IVDQS1zqNScDRWNARxUgbaWCX+xzpieTZRcLYvZqms4FdcaquV/MdDxriuGeemxPP8es16FadOSpgiebAfu8PI5xwIjRmSKme68Q6yJDUFDMyK/UTRWKEp2hMeoYKxIkKsnn0GTw2yhCOImme0HCuft/IEFcq5aGZzIOq314u/uX1Ej2qBxkVcaKJwItDo4RBHcG8BzikkmDNUkMQltRkhXiCJMLatFUyJXz9FP5P2qdV1/CrWqXhL+sogkNwBE6AC3zQAJegCVoAg1vwAJ7As3VnPVov1utitGAtdw7AD1hvn5QklNM=</latexit>
Correction
<latexit sha1_base64="m8kNc5LgG5UURVrx53FvNZfQ24U=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmSkzNRdoRuXFewD2qFk0kwbmskMSUYYhvorblwo4tYPceffmGkrqOiBwOGce8m5J0g4UxqhD6u0sbm1vVPereztHxwe2ccnPRWnktAuiXksBwFWlDNBu5ppTgeJpDgKOO0H83bh9++oVCwWtzpLqB/hqWAhI1gbaWxXRxHWMxnl7VhKSgpxMbZrqO64DQ+50BDkXLlOQVzkNRvQqaMlamCNzth+H01ikkZUaMKxUkMHJdrPsdSMcLqojFJFE0zmeEqHhgocUeXny/ALeG6UCQxjaZ7QcKl+38hxpFQWBWayiKp+e4X4lzdMddj0cyaSVFNBVh+FKYc6hkUTcMKKg3lmCCaSmayQzLDERJu+KqaEr0vh/6R3WXcMv2nUWt66jjI4BWfgAjjAAy1wDTqgCwjIwAN4As/WvfVovVivq9GStd6pgh+w3j4B9yuVlw==</latexit><latexit sha1_base64="m8kNc5LgG5UURVrx53FvNZfQ24U=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmSkzNRdoRuXFewD2qFk0kwbmskMSUYYhvorblwo4tYPceffmGkrqOiBwOGce8m5J0g4UxqhD6u0sbm1vVPereztHxwe2ccnPRWnktAuiXksBwFWlDNBu5ppTgeJpDgKOO0H83bh9++oVCwWtzpLqB/hqWAhI1gbaWxXRxHWMxnl7VhKSgpxMbZrqO64DQ+50BDkXLlOQVzkNRvQqaMlamCNzth+H01ikkZUaMKxUkMHJdrPsdSMcLqojFJFE0zmeEqHhgocUeXny/ALeG6UCQxjaZ7QcKl+38hxpFQWBWayiKp+e4X4lzdMddj0cyaSVFNBVh+FKYc6hkUTcMKKg3lmCCaSmayQzLDERJu+KqaEr0vh/6R3WXcMv2nUWt66jjI4BWfgAjjAAy1wDTqgCwjIwAN4As/WvfVovVivq9GStd6pgh+w3j4B9yuVlw==</latexit><latexit sha1_base64="m8kNc5LgG5UURVrx53FvNZfQ24U=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmSkzNRdoRuXFewD2qFk0kwbmskMSUYYhvorblwo4tYPceffmGkrqOiBwOGce8m5J0g4UxqhD6u0sbm1vVPereztHxwe2ccnPRWnktAuiXksBwFWlDNBu5ppTgeJpDgKOO0H83bh9++oVCwWtzpLqB/hqWAhI1gbaWxXRxHWMxnl7VhKSgpxMbZrqO64DQ+50BDkXLlOQVzkNRvQqaMlamCNzth+H01ikkZUaMKxUkMHJdrPsdSMcLqojFJFE0zmeEqHhgocUeXny/ALeG6UCQxjaZ7QcKl+38hxpFQWBWayiKp+e4X4lzdMddj0cyaSVFNBVh+FKYc6hkUTcMKKg3lmCCaSmayQzLDERJu+KqaEr0vh/6R3WXcMv2nUWt66jjI4BWfgAjjAAy1wDTqgCwjIwAN4As/WvfVovVivq9GStd6pgh+w3j4B9yuVlw==</latexit><latexit sha1_base64="m8kNc5LgG5UURVrx53FvNZfQ24U=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqmSkzNRdoRuXFewD2qFk0kwbmskMSUYYhvorblwo4tYPceffmGkrqOiBwOGce8m5J0g4UxqhD6u0sbm1vVPereztHxwe2ccnPRWnktAuiXksBwFWlDNBu5ppTgeJpDgKOO0H83bh9++oVCwWtzpLqB/hqWAhI1gbaWxXRxHWMxnl7VhKSgpxMbZrqO64DQ+50BDkXLlOQVzkNRvQqaMlamCNzth+H01ikkZUaMKxUkMHJdrPsdSMcLqojFJFE0zmeEqHhgocUeXny/ALeG6UCQxjaZ7QcKl+38hxpFQWBWayiKp+e4X4lzdMddj0cyaSVFNBVh+FKYc6hkUTcMKKg3lmCCaSmayQzLDERJu+KqaEr0vh/6R3WXcMv2nUWt66jjI4BWfgAjjAAy1wDTqgCwjIwAN4As/WvfVovVivq9GStd6pgh+w3j4B9yuVlw==</latexit>
1
<latexit sha1_base64="V06BYuEgEu4mDDMa/juksZx2yfU=">AAAB7XicjVDLSgNBEOyNrxhfUY9eBoPgKeyKEE8S8OIxgnlAsoTZyWwyZnZmmekVwpJ/8OJBEa/+jzf/xsnjoKJgQUNR1U13V5RKYdH3P7zCyura+kZxs7S1vbO7V94/aFmdGcabTEttOhG1XArFmyhQ8k5qOE0iydvR+Grmt++5sUKrW5ykPEzoUIlYMIpOavWiOA+m/XIlqPpzkL9JBZZo9MvvvYFmWcIVMkmt7QZ+imFODQom+bTUyyxPKRvTIe86qmjCbZjPr52SE6cMSKyNK4Vkrn6dyGli7SSJXGdCcWR/ejPxN6+bYXwR5kKlGXLFFoviTBLUZPY6GQjDGcqJI5QZ4W4lbEQNZegCKv0vhNZZNXD85rxSv1zGUYQjOIZTCKAGdbiGBjSBwR08wBM8e9p79F6810VrwVvOHMI3eG+fbrGPAg==</latexit><latexit sha1_base64="V06BYuEgEu4mDDMa/juksZx2yfU=">AAAB7XicjVDLSgNBEOyNrxhfUY9eBoPgKeyKEE8S8OIxgnlAsoTZyWwyZnZmmekVwpJ/8OJBEa/+jzf/xsnjoKJgQUNR1U13V5RKYdH3P7zCyura+kZxs7S1vbO7V94/aFmdGcabTEttOhG1XArFmyhQ8k5qOE0iydvR+Grmt++5sUKrW5ykPEzoUIlYMIpOavWiOA+m/XIlqPpzkL9JBZZo9MvvvYFmWcIVMkmt7QZ+imFODQom+bTUyyxPKRvTIe86qmjCbZjPr52SE6cMSKyNK4Vkrn6dyGli7SSJXGdCcWR/ejPxN6+bYXwR5kKlGXLFFoviTBLUZPY6GQjDGcqJI5QZ4W4lbEQNZegCKv0vhNZZNXD85rxSv1zGUYQjOIZTCKAGdbiGBjSBwR08wBM8e9p79F6810VrwVvOHMI3eG+fbrGPAg==</latexit><latexit sha1_base64="V06BYuEgEu4mDDMa/juksZx2yfU=">AAAB7XicjVDLSgNBEOyNrxhfUY9eBoPgKeyKEE8S8OIxgnlAsoTZyWwyZnZmmekVwpJ/8OJBEa/+jzf/xsnjoKJgQUNR1U13V5RKYdH3P7zCyura+kZxs7S1vbO7V94/aFmdGcabTEttOhG1XArFmyhQ8k5qOE0iydvR+Grmt++5sUKrW5ykPEzoUIlYMIpOavWiOA+m/XIlqPpzkL9JBZZo9MvvvYFmWcIVMkmt7QZ+imFODQom+bTUyyxPKRvTIe86qmjCbZjPr52SE6cMSKyNK4Vkrn6dyGli7SSJXGdCcWR/ejPxN6+bYXwR5kKlGXLFFoviTBLUZPY6GQjDGcqJI5QZ4W4lbEQNZegCKv0vhNZZNXD85rxSv1zGUYQjOIZTCKAGdbiGBjSBwR08wBM8e9p79F6810VrwVvOHMI3eG+fbrGPAg==</latexit><latexit sha1_base64="V06BYuEgEu4mDDMa/juksZx2yfU=">AAAB7XicjVDLSgNBEOyNrxhfUY9eBoPgKeyKEE8S8OIxgnlAsoTZyWwyZnZmmekVwpJ/8OJBEa/+jzf/xsnjoKJgQUNR1U13V5RKYdH3P7zCyura+kZxs7S1vbO7V94/aFmdGcabTEttOhG1XArFmyhQ8k5qOE0iydvR+Grmt++5sUKrW5ykPEzoUIlYMIpOavWiOA+m/XIlqPpzkL9JBZZo9MvvvYFmWcIVMkmt7QZ+imFODQom+bTUyyxPKRvTIe86qmjCbZjPr52SE6cMSKyNK4Vkrn6dyGli7SSJXGdCcWR/ejPxN6+bYXwR5kKlGXLFFoviTBLUZPY6GQjDGcqJI5QZ4W4lbEQNZegCKv0vhNZZNXD85rxSv1zGUYQjOIZTCKAGdbiGBjSBwR08wBM8e9p79F6810VrwVvOHMI3eG+fbrGPAg==</latexit>
2
<latexit sha1_base64="a2MuFyeAwAFsorjugmmheeXkzbI=">AAAB7XicdVDLSgMxFL2pr1pfVZdugkVwVWaKqN1IwY3LCvYB7VAyaaaNzSRDkhHK0H9w40IRt/6PO//G9CH4PHDhcM693HtPmAhurOe9o9zS8srqWn69sLG5tb1T3N1rGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjy6nfumPacCVv7DhhQUwGkkecEuukZjeMssqkVyx55ZOq51dP8W/il70ZSrBAvVd86/YVTWMmLRXEmI7vJTbIiLacCjYpdFPDEkJHZMA6jkoSMxNks2sn+MgpfRwp7UpaPFO/TmQkNmYch64zJnZofnpT8S+vk9roPMi4TFLLJJ0vilKBrcLT13Gfa0atGDtCqObuVkyHRBNqXUAFF8Lnp/h/0qyUfcevT0q1i0UceTiAQzgGH86gBldQhwZQuIV7eIQnpNADekYv89YcWszswzeg1w/pqo9X</latexit><latexit sha1_base64="a2MuFyeAwAFsorjugmmheeXkzbI=">AAAB7XicdVDLSgMxFL2pr1pfVZdugkVwVWaKqN1IwY3LCvYB7VAyaaaNzSRDkhHK0H9w40IRt/6PO//G9CH4PHDhcM693HtPmAhurOe9o9zS8srqWn69sLG5tb1T3N1rGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjy6nfumPacCVv7DhhQUwGkkecEuukZjeMssqkVyx55ZOq51dP8W/il70ZSrBAvVd86/YVTWMmLRXEmI7vJTbIiLacCjYpdFPDEkJHZMA6jkoSMxNks2sn+MgpfRwp7UpaPFO/TmQkNmYch64zJnZofnpT8S+vk9roPMi4TFLLJJ0vilKBrcLT13Gfa0atGDtCqObuVkyHRBNqXUAFF8Lnp/h/0qyUfcevT0q1i0UceTiAQzgGH86gBldQhwZQuIV7eIQnpNADekYv89YcWszswzeg1w/pqo9X</latexit><latexit sha1_base64="a2MuFyeAwAFsorjugmmheeXkzbI=">AAAB7XicdVDLSgMxFL2pr1pfVZdugkVwVWaKqN1IwY3LCvYB7VAyaaaNzSRDkhHK0H9w40IRt/6PO//G9CH4PHDhcM693HtPmAhurOe9o9zS8srqWn69sLG5tb1T3N1rGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjy6nfumPacCVv7DhhQUwGkkecEuukZjeMssqkVyx55ZOq51dP8W/il70ZSrBAvVd86/YVTWMmLRXEmI7vJTbIiLacCjYpdFPDEkJHZMA6jkoSMxNks2sn+MgpfRwp7UpaPFO/TmQkNmYch64zJnZofnpT8S+vk9roPMi4TFLLJJ0vilKBrcLT13Gfa0atGDtCqObuVkyHRBNqXUAFF8Lnp/h/0qyUfcevT0q1i0UceTiAQzgGH86gBldQhwZQuIV7eIQnpNADekYv89YcWszswzeg1w/pqo9X</latexit><latexit sha1_base64="a2MuFyeAwAFsorjugmmheeXkzbI=">AAAB7XicdVDLSgMxFL2pr1pfVZdugkVwVWaKqN1IwY3LCvYB7VAyaaaNzSRDkhHK0H9w40IRt/6PO//G9CH4PHDhcM693HtPmAhurOe9o9zS8srqWn69sLG5tb1T3N1rGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wjy6nfumPacCVv7DhhQUwGkkecEuukZjeMssqkVyx55ZOq51dP8W/il70ZSrBAvVd86/YVTWMmLRXEmI7vJTbIiLacCjYpdFPDEkJHZMA6jkoSMxNks2sn+MgpfRwp7UpaPFO/TmQkNmYch64zJnZofnpT8S+vk9roPMi4TFLLJJ0vilKBrcLT13Gfa0atGDtCqObuVkyHRBNqXUAFF8Lnp/h/0qyUfcevT0q1i0UceTiAQzgGH86gBldQhwZQuIV7eIQnpNADekYv89YcWszswzeg1w/pqo9X</latexit>
(missing)
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FIG. 7: Illustration of recycling method, see Sec. II B for explana-
tions. Arrows denote contributions from one quantity to another, a
notation adopted for the equations in the text.
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polarized sky maps P . Both E and B arise from integrat-
ing P over the full sky. In this context, each of the quanti-
ties in the sum, while describing only part of the sky, can be
thought of as receiving contributions from all, E1, B1, E2,
andB2. The lower-left panel in Fig. 7 illustrates this process,
and in line with this sketch, we introduce a symbolic notation
in which the contributing terms are denoted with arrows. We
write the corresponding equation describing the contributions
to quantityX as
X ≡ (E1 →X) + (B1 →X) + (E2 →X) + (B2 →X),
(B4)
whereX can stand for either ofE1,B1,E2 orB2, and in the
following we will refer to a bracketed term as a contributor.
Note that since in practice, region 2 will be the missing part of
the sky (due to either a mask or incomplete observation of the
sky),E2 andB2 will only be used in the following discussion,
but not in any of the computations presented later. In this no-
tation we are able to define a set of rules (Appendix C) provid-
ing detailed relations between contributors. In this framework
we describe the EB leakage, and we study relations among
the contributors to arrive at a solution for its correction.
If only region 1 is available, the contributions ofE2 andB2
obviously disappear, as indicated in the lower middle panel
of Fig. 7. Consequently, in Eq. (B4) the 3rd and 4th terms
disappear, and Eq. (B4) reduces to:
x ≡ (E1 → x) + (B1 → x), (B5)
where x can be either of e1, b1, e2 or b2. Quantities arising
from these incomplete sums are denoted by lower-case Latin
letters, and are what we previously referred to as corrupted.
Obviously, these quantities are generally different from the
corresponding real quantitiesX .
Focusing on the corrupted component b1, the two contrib-
utors that form it are (E1 → b1) and (B1 → b1), as marked
by the blue arrows in the lower, middle panel of Fig. 7. These
two contributors have distinct meanings: (B1 → b1) con-
tains the B-to-B deformation, which can be corrected in the
angular power spectrum, e.g., by the MASTER method [32];
the contributor (E1 → b1) is the EB leakage. It is this term
which we attempt to correct for in this work. However, since
E1 is unknown in the case of partial sky coverage, the true
leakage term (E1 → b1) is generally not available. Neverthe-
less, with some approximations, we shall show how to remove
this leakage in the pixel domain to a highly sufficient degree.
We hereto restrict ourselves to the E-family output of the
cut-sky case, e1 and e2, which together form a full-sky map
of the E-family. We decompose this map again in terms of E-
and B-families, as shown in the lower-right panel of Fig. 7.
However, this will not produce any B-family output (except
for numerical and pixelization errors), which in terms of the
contributors is written as
β1 = (e1 → β1) + (e2 → β1) = 0; (B6)
−(e1 → β1) = (e2 → β1) 6= 0. (B7)
Here and in the figure, lower-case Greek letters denote the E-
and B-families from the corrupted maps e1 + e2.
In the CMB, E-modes clearly dominate over B-modes.
The observation8 that then E1 ≈ e1 enables us to reason
that the morphology of the EB leakage term (E1 → b1) is
well approximated by the contributor (e1 → β1). In fact, we
expect an approximate proportionality between the two con-
tributors (see Appendix D) such that the E-to-B leakage can
be corrected in the pixel domain by linearly removing the con-
tributor (e1 → β1) from b1. In short, we recycle a product
of one corrupted component, e1, for the correction of another,
b1.
Therefore, method 2 runs as introduced in section II B.
Appendix C: The symbolic system behind the recycling method
The description of the recycling method presented in Ap-
pendix B 2 is based on a purely symbolic representation. In
this formulation, we here provide a complete set of relations
among the quantities. For convenience and consistency, we
continue to use the notation from Eq. (B3).
Firstly we have the total conservation rules, which were
given in Eq. (B4) and rewritten below:
X ≡(E1 →X) + (B1 →X) + (E2 →X) + (B2 →X),
(C1)
whereX is one of E1,B1, E2 orB2.
As presented in Eq. (B6), the contributors presented in
Sec II B satisfy the orthogonality rules, which can be written
as:
(Xi → Yi) + (Xj → Yi) = 0, (C2)
where X and Y are either E or B, but not the same; and i, j
are either 1 or 2 but not the same. For convenience, we extend
Eq. (C2) as follows:
(E1 → B1) + (E2 → B1) = 0,
(E1 → B2) + (E2 → B2) = 0,
(B1 → E1) + (B2 → E1) = 0,
(B1 → E2) + (B2 → E2) = 0.
(C3)
These rules follow from the orthogonality between the E- and
B-families.
Combining the total conservation rules with the orthogonal-
ity rules, one gets the inner conservation rules as follows:
(Xi →Xi) + (Xj →Xi) = Xi, (C4)
where X is either E or B, and i, j are either 1 or 2 but not
the same. Again we extend this equation for convenience as:
(E1 → E1) + (E2 → E1) = E1,
(E1 → E2) + (E2 → E2) = E2,
(B1 → B1) + (B2 → B1) = B1,
(B1 → B2) + (B2 → B2) = B2.
(C5)
8 For the two cases discussed in Sec. II C we find correlation coefficients of
0.99 and 0.97, respectively.
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When one connects the full-sky quantities (E or B) with
cut-sky quantities (e or b), one has the completeness rules as
follows:
E1 +B1 = e1 + b1, (C6)
E2 +B2 = e2 + b2,
which follow from the completeness of the spin-2 spherical
harmonics. In particular, when region 2 is unavailable, we
have
E2 +B2 = e2 + b2 = 0. (C7)
All E-to-E, B-to-B, E-to-B, and B-to-E leakages can be
formally described by, and are also subject to, the symbolic
system represented by Eqs. (C1–C7). Note that the symbolic
system in this section does not contain any approximation.
The approximation needed for the recycling method is
contained in Eq. (D7) in Appendix D.
Alternatively, all rules presented here can also be expressed
in terms of the equations in Appendix A 2. With the defini-
tions:
GE ≡
(
G1 +G2
+G3 G4
)
; GB ≡
(
G4 −G3
−G2 G1
)
, (C8)
we can express the contributors as, e.g.,
X =
∫
GX(n,n
′)P (n′) dn′; (C9)
x =
∫
1
GX(n,n
′)P (n′) dn′; (C10)
(Xi → Yj) =
[∫
i
GY (n,n
′)X(n′) dn′
]
j
, (C11)
where
∫
i
denotes the integration over region i only, and [...]j
denotes the restriction of the evaluated quantity in region j.
Appendix D: About the linear fitting for recycling method
In the recycling method, we use linear fitting to determine
the factor that connects the template (e1 → β1) to the real
leakage (E1 → b1). Here we provide more details on why
this can be done by linear fitting.
For a cut sky map, only region 1 is available, thus we have
E1 +B1 = e1 + b1. (D1)
Assuming there is no initial B-mode (like the assumption in
Sec. III A), or B  E and B therefore can be neglected, then
we have
E1 = e1 + b1. (D2)
Since now there is only one input component E1, we auto-
matically get
e1 = (E1 → e1), (D3)
b1 = (E1 → b1). (D4)
Since there is no signal in region 2, we also have (cf. Eq. (C7))
e2 + b2 = 0; (D5)
however, note that at the same time we have e2 6= 0 and
b2 6= 0.
Eqs. (D4–D5) tell us that
b1 ≡(e1 → b1) + (b1 → b1) + (e2 → b1) + (b2 → b1)
=(e1 → b1) + (b1 → b1) = (E1 → b1).
(D6)
Since the contributor (b1 → b1) represents the B-to-B leak-
age, we can expect it to have similar morphology to the input
B-mode even with a mask. Thus we have
(b1 → b1) ∝∼ b1, (D7)
where ∝∼ stands for approximate proportionality. Thus ac-
cording to Eq. (D6), as long as the amplitudes of b1 and
(b1 → b1) are not close to each other (which is observed),
we find
(e1 → b1) ∝∼ (E1 → b1). (D8)
Finally, two contributors are always equal when the input
components, destination regions and output types are all
equal, thus we have
(e1 → β1) = (e1 → b1) ∝∼ (E1 → b1). (D9)
Since (e1 → β1) is our template, and (E1 → b1) is the
real EB leakage, Eq. (D9) says that one can use linear fitting
to connect the template to the real leakage in the recycling
method.
It is also easy to explain why we choose (e1 → β1) as
the template, but not (b1 → β1): when the input B-mode is
not zero, (b1 → β1) will contain the real input B-mode, but
(e1 → β1) will not.
Appendix E: The EB-leakage with noise
Here we reproduce Fig. 4–5 by adding white noise with
1 and 10 µK·arcmin amplitudes to each simulation, respec-
tively. We run the test in a completely blind way, so each
program, either MASTER+PURE or MASTER+our method,
is unaware of the presence of noise. Thus the resulting angular
power spectrum will automatically include the noise contribu-
tion, and become higher than the primordial one. It is impor-
tant to notice that, according to Eqs. 1–2, in a blind test, the
error of reconstruction will automatically use the noisy map as
reference, i.e., the noise itself is regarded as a natural part of
the input map, and will not be removed here. The advantage
of this approach is that it helps us to focus on the EB-leakage
itself.
The results of the tests with noise are presented in Fig. 8,
where one can see that the green line becomes higher with
higher noise, but the error of EB-leakage correction for both
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methods is still reasonably small, so they both give fairly sta-
ble EB-leakage correction with/without noise. We also no-
tice that, when noise increases, the error of EB-leakage cor-
rection increases more slowly for our method than for MAS-
TER+PURE.
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